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ables you  to  reduce  your  coal  bills  to  a  minimjm  by 
keepint;  your  engine  running  properly  at  all  times.  *1  ts 
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Indicator.  Purchase  by  the  name  and  be  sure  you  get 
the  Original. 

Owing  to  its  great  popularity  the  AMERICAN 
THOMPSON  has  been  copied  to  a  great  extent,  even  to 
the  name.  The  Original  has  our  name  engraved  on 
the  side  of  the  instrument  as  follows : 


American  Steam  Gauge  and  Valve  Mfg.  Co. 
J.  W.  Thompson,  Pat. 


Boston 


Special  prices  to  A.  S.  C.  students.     Catalogue  8T 
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American  Steam  Gauge 
and  Valve  Mfg.  Co. 
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Reinforced  Corvcrete— By  Buel  and  Hill.  The 
tirst  practical  Reinforced  Concrete  book  published  in 
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Field    Practice    of    Rallw^ay    Locatlorv  — By 
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Rall\vayRigKt-of-WaySvirveyirvg— By  Albert 
I.  Five $1.00 
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Mechanics— Problems  for  Engineering  Students— 
By  Prof.  F.  B.  Sanborn  ....        $1.50 

Technic  of    Mechanical    Drafting— 

By  C.  W.  Reinhardt.  Second  edition,  enlarged.  90 
illustrations,  11  page  plates  ....  $  l.OO 
Design  of  Steel  Mill  Buildings  and  the  Calcu- 
lation  of    Stresses   in   Framed   Structures — By   Prof. 

M.  S.  Ketchum $4.00 

Structural  Designers'  Handbook— 
By  W.  F.  Scott $2.00 

Tables  and  Diagrams  for  Calculating  the  Strength 
of  Beams  and  Columns — By  B.  E.  Winslow,  $2.00 
Linear  Dra^ving  aLnd  Lettering  for  Beginners 
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NO    **OFF**    MONTHS 

The  summer  months  are  usually  considered  the  "off"  seasin  in  the  magazine  publishing 
business,  but  with 

THE    TECHNICAL    WORLD   MAGAZINE 

no  part  of  the  year  comes  under  that  category.  The  steady  improvement  made  in  reading  interest  and 
artistic  quality  vj^ill  be  maintained,  and  the  next  two  numbers  will  be  found  exceptionally  attractive. 

IN  addition  to  its  regular  departments  covering 
the  field  of  current  advance  and  achievement  in  the 
Engineering   and    Scientific   world,    and   its    allied 
fields    of     many-sided    human     interest,     the     Editors 
announce  the  following  as  a  few  of  the  special  attrac- 
tions  for  the  August  number: 

DOCK-YARD  FACILITIES  FOR  MARINE  CRAFT— By  Lieut.  Jos.  S.  Shultz,  U.  S.  Navy.  The 
present  rcviv;il  of  inteiost  in  naval  matters  lends  special  interest  to  this  article,  which  is  written  by  an  expert 
on  this  essential  factor  of  sea-power. 

JAPANESE  LACQUER-WARE— By  Randolph  I.  Geare.  It  is  not  alone  in  their  fiehtine  prowess  that 
the  marvelous  little  yellow  men  of  the  Orient  excel.  From  time  immemorial  they  have  had  their  own  arts  and 
crafts,  one  of  the  roost  characteristic  of  these  beinu  the  making  of  lacquer-ware,  in  which  they  display  an  ex- 
quisite and  inimitable  skill.    The  processes  employed  are  here  clearly  explained,  with  beautiful  pictures. 

THE  FIRE-FIEND  OF  THE  FOREST,  AND  HIS  ALLIES— By  J.  E.  Watkins.  Methods  of  preventing 
and  fighting  tires  are  shown,  with  many  photos  of  fires  raging,  ruins  of  towns  and  forests  involved,  etc.,  including 
the  most  remarkable  forest-fire  photo  ever  taken.  The  operator  was  surrounded  by  the  fire,  which 
burned  over  an  area  of  more  than  1.000  square  miles.  He  was  imprisoned  for  30  hours,  standing  in  shallow 
water  in  a  lake.  Photo  taken  at  '.•  p.  m.,  during  a  terrific  outburst  of  flame.  This  picture  -was  never  before 
published. 

MANUFACTURE  OF  ICE— By  Oswald  Gueth,  M.  E.  Methods  of  mechaiiical  refrigeration  popularly 
explained.  Development  of  the  industry  of  ice-making.  The  varied  possibilities  of  its  application  to  commercial 
uses,  social  amusement,  etc. 

WASPS  OF  THE  SEA — By  Crittenden  Marriott.  Torpedo-boats  played  a  most  effective  part  in  Togo's 
victory  over  Rojestvensky  at  the  great  naval  battle  of  Tsushima— probably  one  of  the  decisire  battles  of 
world-history.  How  these  little  spitfire  fighting  craft  are  equipped  and  operated,  is  a  matter  of  lively  interest 
just  at  this  juncture.     A  timely  article  beautifully  illustrated. 

OCEAN  CABLES — By  P.  T.  McGrath.  An  article  of  absorbing  interest  in  view  of  the  recent  completion  of 
British  and  American  trans-Pacific  submarine  cables,  and  their  bearing  on  the  coming  great  problems  of  com- 
mercial expansion  in  the  Pacific  area  of  the  world.  Fully  illustrated  with  views  of  cable  ships  and  stations,  maps 
of  Atlantic  &  Pacific  cable  systems,  etc. 


SEPTEMBER 


ON  August  30,  will  occur  one  of  the  most  interesting 
of  astronomical  events — a  total  eclipse  of  the  sun. 
It  will  be  visible  in  North  America;  and  already 
excursion  parties  and  government  and  scientific  expedi- 
tions are  being  organized  to  visit  the  region  of  totality. 
In  view  of  the  exceptional  interest  aroused,  the  September 
number  of  The  Technical  World  Magazine  will  be  a 


SPECIAL     ECLIPSE      NUMBER 

It  will  appear  about  two  weeks  in  advance  of  the  event,  and  will  contain  a  wealth  of  matter  of  absorbing 
interest,  concerning  eclipses,  telescopes,  and  other  subjects  related  to  the  astronomical  field. 

PROF.  DAVID  P.  TODD,  Director  of  Amherst  College  Observatory,  author  of  "A  New  Astronomy,"  "Stars  and  Tele- 
scopes," etc.,  will  tell  HOW  THE  Et'LIPSE  WAS  PKEUK  TEH,  explaining  in  popular  language  how  such  coming  events  are 
announced  with  the  marvelous  precision  of  absolute  foreknowledge. 

MR.  C.  H.  CLAVDT,  a  Washington  expert,  will  tell  HOW  ECLIPSES  ARE  STrDIED,  describing  the  equipment  of  eclipse 
expeditions,  the  methods  and  objects  of  the  study  of  these  phenomena,  apparatus,  etc. 

In  a  special  article  will  be  described  the  GREAT  a:5ERICAN  TELESCOPES,  which  include  the  famous  Yerkes  and  Lick 
refractors,  the  largest  In  the  world,  the  26-inch  eiiuatorial  at  the  U.  S.  Naval  Observatory,  and  others. 

Supplementing  these,  MR.  FRITZ  MORRIS  will  tell  the  story  of  the  WORLD'S  CREATEST  CLOCKS  In  an  article  of  surpassing 
historical,  romantic,  and  scientiflc  interest. 

A  Variety  of  Other  Special  and  Regular  Features  will  also  be  Included. 

THE  TECHNICAL  WORLD  MAGAZINE  is  a  MOST  ACCEPTABLE  GIFT  ANYWHERE 
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Their    mechanical    merits    challenge    criticism. 
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Surveying  Instruments.     (See  coupon  below.) 
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4  BSOLUTELY      INVALUABLE 

to    merchants,    mechanics,    manu- 
facturers,   bankers,    machinists, 

clerks,   or    anyone   who    handles    tigures. 

No  matter  what  the   example   is,    it 

shows  the  whole  answer  at  a  glance. 
No  limit  to  how  laree  or  small  the  figures, 
or  what  the  fnc  Every  conceivable 

problem  fullv  worked  out  and  answer  given 
at  once.  ^  The  Greatest  Book  of  its 
kind  the  world  has  ever  known.  The 
ansv^er  to  any  question  is  as  easily  found  as 
a  word  in  the  pocket  dictionar\-.  fl  This 
book  required  35  years'  work  to  complete 
it.  ^  No  matter  who  you  arc  or  what  your 
business,  this  book  prevents  mistakes,  relieves  the  '.   saves   labor, 

time  and  money,  makes  you  independent,  sure  and  sclt-reiiant  in  figures. 

We  give  it  to  you  FREE  ON  THESE  TERMS 

tCfe  tuanl  to  increase  the  Subscription  List  of  our  Mt^nthly  Journal 
MODERN  MACHINERY.  The  foundation  of  civuizauon  rests  on 
inventions  of  new  machinery.  To  keep  abreast  of  mechanical  progress 
should  be  the  aim  of  every  intelligent  man.  Our  publication  keeps 
you  informed,  and  it  is  written  so  all  can  ur  nd  it,  and  the  best 

illustrated  of  its  class.  MODERN  MACHINERY  costs  you  $L0O 
a  year.      We  want  to  get  you   started  rtr  this  paper  regularly, 

and  therefore  make  you  this  offer. 

HERE   IS   THE   SPECIAL   OFfER-READ   IT 


Send  us  your  subscription    -'   "' 
postage  stamps,  and  we 
and  the  Calculator  FREE  at  once. 
will  refund  yc 

monev  back  t'V 


(•*\    in     P      O      r,r 

.    MACHINERY 


If  not  just  as  r 


T  check  or 

•■nat;ni!,- 


MODERN  MACHINERY  PUB.  CO.,  1308  Sectirity  Bldg.,  CHICAGO.  ILL. 
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U/?e  CONSTRUCTOR 


A   Handbook  of  Machine  Design 

Bv  Prof.   F.   Reuleaux 


REULEAUX'S    "Constructor"  is  the  best   practical  treatise  on   machine  design.     No 
other  book  has  had  so  great  an  influence  upon  the  entire  subject  of  machine  design 
in  both  Europe  and  America.     It  was  first  published  in  German,  and  it  has  been 
translated  into  everj'  great  modern  language.     The  translator  into  English,  Mr.  Henry 
Harrison  Suplee,  Mechanical  Editor  of  The  Engineering  Magazine,  made  this  basic 
book  a  practical,  working  handbook  for  the  American  machine  designer  when  he  reworked  for 
r  English  version  the  hundreds  of  tables  and  formulas  from  the  metric  to  our  systems  of 
ights  and  measures  and  standards  of  sizes  and  shapes. 

EXPERT    OPINIONS 

[         "This    book    is    the    best     practical    treatise    on  relation   to  machine   design  and  construction.     This 

—  -chine  desigti  of  which  we  have  any  knowledge,  and  book  is  a  most-useful  one  and  should  be  in  the  library 

r  translation  places  it  within  the  reach  of  English  of  every  mechanical  engineer  and  kept  as  a  book  of 

.-diking   engineers  to  whom   alone  it  has  been  in-  reference   in   the    drawing    room    of    every   machine 

I  accessible  heretofore.    We  can  recommend  it  as  being  stiO^."— The  Engineering  and  Minine  Journal. 
■wrrth  every  cent  of  its  price,  and  a  valuable  addition 
■.■ay  mechanical   engineer's    library. — Engineering 

s.  This  work  has  long  been  known  as  the  best  and 

most  thorough  publication  of  its  kind  in  existence.     It 

"Reuleans's  Constructor  has  long  been  known  as  will   be   found   of  the  greatest  utility  by  rnechanical 

tne  best  and  most  thorough  work  of  its  kind  in  exist-  engineers.      The    volume   is   admirably   printed    and 

ence,   presenting  in   compact  form   a   great  mass  of  carefully  edited  throughout,  and  is  worth  every  penny 

information,   the  best  both  in  theory  and  practice  in  of  the  price. — Machinery,  London. 

Large    Quarto,     1200     1 1 1  u  j  1  r  a  1  i  o  n  j  ,    ^7.50     by    Trepaid    Express 


Arithmetic   and   Algebrat 

DESIGNED  FOR  SELF  INSTRUCTION 

B\'  H.   B.   LiJBSEN 

THE  name  "Liibsen"  on  a  mathematical  work  is  the  hallmark  of  clear  explanation  and 
orderly  development  of  the  theme  treated.  This  is  one  of  Prof.  Lubsen's  most  successful 
books,  nearly  thirty  editions  having  been  sold  in  Germany.  Mr.  Suplee,  the  translator, 
has  been  able  to  duplicate  the  author's  simplicity  and  clearness  of  language,  and  has 
enhanced  the  value  of  the  work  by  adding  some  new  material  of  great  value  to  the 
practical  man.  The  method  of  extracting  roots  by  "approximation"  fully  explained  in  this 
book  is  so  valuable  that  it  should  be  learned  by  everyone.  By  it  square  and  cube  roots  can  be 
found  much  more  quickly  than  by  the  usual  laborious  methods,  and  there  is  the  added  advantage 
that  the  process  is  so  simple  that  anyone  can  remember  it.  To  know  this  one  process  is  worth 
more  than  the  cost  of  the  book.  CEvery  example  throughout  the  volume  is  worked  out  in  detail, 
showing  just  how  and  why  everything  is  done.  All  problems  are  essentially  practical,  and 
unnecessary  matter  is  excluded.  Arithmetic  leads  up  to  algebra,  the  use  of  symbols  being 
gradually  developed.  The  exercise  of  the  judgment  is  fostered,  and  dependence  upon  arbitrary 
rules,  which  are  seldom  remembered,  is  avoided. 

1  2    m  o  .,      ^2.00      by      Mail      Trepaid 
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HE  text  books  of  the  American  School  of  Correspondence  have  been  prepared  by 
leading  college  professors,  engineers  and  experts  in  this  country.  In  their  prepara- 
tion careful  study  has  been  given  to  actual  shop  needs.  Simplicity,  brevity,  clear- 
ness and  thoroughness  are  marked  features.  It  may  be  said  in  this  connection  that 
the  United  States  government  has  secured  the  right  to  use  these  instruction  papers  as  text 
books  in  some  of  its  schools.  "Storage  Batteries,"  by  Professor  Crocker,  is  used  in  the 
senior  class  work  in  Columbia  University.  The  Westinghouse  Electric  and  Manufacturing 
Company  have  secured  a  large  number  of  papers   to  be  used  in  their  educational  classes. 


The  only  gold  medal  for  superior  excellence  in 
Engineering  Education  and  Technical  Publica- 
tions awarded  at  the  St.  Louis  Exposition  was 
given  to  the  American  School  of  Correspondence 


^  There  has  been  on  the  part  of  the  school's  large  student  body  a  great  need  of  a  practical, 
concise  and  thorough  reference  work  —  a  reference  work  which  would  supplement  their 
studies  and  also  assist  them  in  the  solution  of  such  problems  as  daily  confront  every  practical 
man.  To  meet  this  need  the  school  has  compiled  its  twelve-volume  "  Modern  Engineering 
Practice."  The  "Library  "  is  edited  by  Dr.  F.  W.  Gunsaulus,  assisted  by  a  corps  of  able 
specialists  and  experts.  It  covers  a  broad  field  of  engineering  work  and  includes,  in  addition 
to  the  school's  regular  work,  many  special  articles  on  such  subjects  as  Wireless  Telegraphy, 
Automobiles,  Gas  Engines,  etc.,  thus  forming  a  complete  reference  work  on  the  latest  and 
b  St  practice  in  the  Machine  Shop,  Engine  Room,  Power  House,  Electric  Light  Station, 
Drafting  Room,  Boiler  Shop,  Foundry,  Pattern  Shop,  Blacksmith  Shop,  Round  House, 
Plumbing  Shop  and  Factory.  The  "Library"  is  well  indexed,  profusely  illustrated,  and 
substantially  bound  in  three-quarters  red  morocco. 
^\  For  description  and  table  of  contents  see  pages  XII  and  XIII  of  this  issue. 

SPECIAL     ."T"  students  enrolling   BEFORE      SEPT.    Ist,    1905 

in   any   of  the  courses  listed  on   the 

opposite  page  we  will  include,  as  a  help  to   their  studies,    a   set   of  the    12-volume    "Refer- 
ence Library  Modern   Engineering   Practice"  in   addition   to   the  regular   instruction   papers. 


FREE 


200  page  Bulletin  giving  full  information  and  outlines  of  courses  shown  on  opposite  page  sent  free  on  request 
COUPON.     Cut  Out  and  Mail  NOW     

AMERICAN  SCHOOL  OF  CORRESPONDENCE.  CHICAGO,  ILL. 

Please  enroll  me  in  the 


course,  which  I  promise  to  pursue  diligentlj':  I  agree  to  pay  S- 
and  S— . on  or  before  the 


-cash, 


-day  of  each  month  thereafter  until 


total  tuition  S- 


-(given  on  opposite  page)  is  paid. 


The  library  "Modern  Engineering  Practice"  (12  vol  )  is  to  be  sent  me  as  soon  as  I  have  completed  the 
first  ten  papers  of  my  course  or  as  soon  as  tlie  tuition  is  paid  in  full,  becoming  my  property  whf-n  tuition  is 
paid  in  full.  T.  W.  July,   05. 

Fill  out  the  followine  carefully. 


Name. 


Residence 
Town 


State- 
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Courses  and  Tuition  Fe. 


II 


DEPARTMENT  OF  ELECTRICAL  ENGINEERING 

Elcctxiciil  Knirincvrins Rotvrcnce  Library  (12  voU.) 

Central  Station  Work Reference  Library  ( 12  voU. ) 

Electric  Liffhtins Rcfervnco  Library  ( 12  voU.  t 

Electric  Railways  .   Refcrvncu  I Jbrary  ( 12  voU. ' 

Telephone  PracUco R«fercncv  Library  ( 12  vul«.  > 

DEPARTMENT  OF  MECHANICAL  ENGINEERING 

Mechanical  Ensinccrinir Reference  Library  ( 12  voU  .' 

Mechanical-Electrical  Encineerinjr.. Reference  Library  (12  voU.) 

Sheet  Metal  Pattern  Drafting Reference  Library  (12  vol*. ) 

Shop  Practice Reference  Library  (12  vols.) 

Heatins.  Ventilation  and  Plumbing..  Reference  Library  (12  voln.) 
Meclianical  Drawintr  Reference  Library  (12  vole  '' 

DEPARTMENT  OF  STEAM  ENGINEERING 


PaidtB  I    ts  00  ,    t3  QO 
A.lvir, r  4  Moatk  a  Moatb 


a6« 


Stationary  En^ineerinjr 
Marine  En^necrine 
Locomotive  Engineering 


.  Reference  Library  ( 12  voU. ) 

.  Reference  Library  ( 12  vols. ) 

.  .Reference  Library  (12  vols.) 


DEPARTMENT  OF  CIVIL  ENGINEERING 

Structural  Engineering  .  .  Reference  Library  U-  vols,  i 

Municipal  Engineering Reference  Library  (12  vols.) 

Railroad  Engineering Reference  Library  ( 12  vols. ) 

Surveying  Reference  Library  ( 12  vols. ) 

Hydraulics Reference  Library  (12  vols.) 

Structural  Drafting Reference  Library  ( 12  vols.  ^ 

DEPARTMENT  OF  ARCHITECTURE 

Complete  Architecture Reference  Library  (12  vols.) 

Architectural  Engineering Reference  Library  (12  vols. ) 

Contractors' and  Buildcra' Course... Reference  Library  (12  vols.  ^ 

DEPARTMENT  OF  TEXTILE  MANUFACTURING 

Cotton  Course . .  Reference  Library  (12  vols. ) 

Woolen  and  Worsted  Goods  Course. . Ref<>    -ncc  Library  (12  vols. ) 
Knit  Goods  Course  . .  .  Reference  Library  (12  vols.) 
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REFERENCE    LIBRARY    MODuRN 
ENGINEERING      PRACTICE 

=  1N  TWtLVK  V  -; 

A    Reliable    Guide    for     Engineers,    Mechaiii,..,,    MachloUt.    *nd    Stu4eat«  • 
Illustrating  and  Explaining  the  Theory,  Design,  Construction  and  O^ 
of  all  kinds  of  Machinery;  Containing  over  Su  Thousand  Pages,  in_  .._:^4 
with    more    than    Four    Thousand    Diagram*,    Working    Drawing'.,    Iu1I-mm 
Plates  and  Engravings  of  Machines  and  TooU      /.        .•.        .•.         •  . 


PARTIAL  TABLE  OF  CONTENTS 
Volume  One 

I  .    of    Klcctricit  nts     KIcclrir   Winn*- 

:  hy-Including  ..  .     ph-liuulaior»-Eloario 

W  cluiug. 

Volume  Two 

iMrcct    Current    Dynnm  Motors  — Types  of    I^ynamos  -  Motor 

Driven  Shops — Storage  1    . 

Volume  Three 

Electric    LiRhtinR— Electric    Railways— Management   of    l>ynamo«  and 
Motors — Power  Stations. 

Volume  Four 

Alternating    Current   Generators— Transformers  — Kotarv    '"   "••'•ricr»— - 
Synchronous    Motors— Induction    Motors— Power   Tran  i— Mer- 

cury Vapor  Converter. 

Volume   Five 

Telephone  Instruments  — Lines  — Operation —  Maineenance  —  C .......... 

Battery  System— Automatic  and  Wireless  Telephooo. 

Volume  Six 

Ch.mistn.-— Heat— Combustion  — Construction   and  Types  of    Hoilers— 
Boiler  Accessories  — Steam  Pumps. 

Volume  Seven 

Steam    Engines — Indicators  — Valves.    Gears    and   Setting— Details- 
Steam  Turbine  — Refrigeration — Gas  Engines. 

Volume  Eight 

Marine    Enjfines    and    Boilers  —  Navigation  —  LocomoMv,.    t>.,.;-. 
Engines — Air  Brake. 

Volume  Nine 

l'.ittcrn     "  »? -Blast    lurnace— Metallurgy— 

Metals—:..  :■,,  ' 

Volume  Ten 

Machine    Shop    Tools  — Lathes  — Screw    Cutting  —  Planers  —  Milling 
Machines— Tool  Making — Forging. 

Volume  Eleven 

Mechanical    Drawing— Perspective   Drawing— Pen   and  Ink    Ren'-""? 
— Architectural  Lettering. 

Volume  Twelve 

Systems — Heaters — I'  ^? 

— Temperature      l\e<  , ^     — 

Installing  and  Testing— Hot  and  Cold  Water  Supply— Ventilation. 
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YOUR  VACATION 

AND  ITS  PLEASURES  WILL  DEPEND  VERY 
LARGELY    UPON.    THE    AMOUNT    OF 

IMONEYI 


YOU  CAN  AFFORD  TO  SPEND. 
WHY  NOT  THEN  MAKE  SURE  OF  A  GOOD 
TIME?      HERE    IS    YOUR    OPPORTUNITY. 

C "  The    Technical    World "     pays    liberally    in    cash    or    premiums    to 
those  securing  subscriptions  in   large  or  small   numbers. 

CYou  can  have  an  exclusive  agency 
and  make  money  by  using  a  little 
of  your  spare  time. 

C  It  is  easy.  No  capital  required 
and   no   experience  necessary.     Try  it. 


\Vr He   at  once  for  fu II  particulars  of 
otir    great    offer  for   netv    subscribers 


^yl   d  d   r  e   J  J 


The     TECHNICAL 

WORLD  MAGAZINE 


CHICAGO, 


ILLINOIS 
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A   FEW 
SPECIMEN    PREMIUMS 

FOR  NEW  SUBSCRIPTIONS 


The  Technical  WurKi  oiiers  the  largest  variety 
and  the  best  of  premiums  for  n<'\v  sul>scrii)tions. 

Send  at  once  for  Premium  Circular  (Free)  con- 
taining something 

FOR  EVERYONE 


The  Technical  World 


CHICAGO.    ILL. 


V ;  s 


2  Miliijki>  lliu»i>«>»  - — i 


'  For  2  Biibsi  iil>t>r» 
And  25  cenis  oKit* 


No.  6 


Vol  fi  siibscilboiN 


No.  30 


—  For  3  subscribers  - 
2knd  25  cents  extrtv 

No.  65    - 


No.  25 


Pockol   CoinpasB 


For  2  Bubscrlbvr* 


For  1  subscriber  &nd  30  cents  extra 
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Thos.  G.  Grier's  Book  of 

Wiring  Tables 


How  They  are  Hade  and 
How  to  Use  Them. 

THE  book  is  one  which 
every    Central   Station 
and     Street     Railway 
man.      Electrician      Student 
should  own. 

C  Size  of  book,  6^x4^ 
inches.  Will  fit  the  pocket; 
has  rounded  corners;  is 
leather  bound;  has  one  hun- 
dred and  four  pages. 
C  It  is  of  great  service  to  Con- 
tractors and  to  anyone 
employed  in  electrical  work. 
<!,  In  this  book  can  be  found 
the  best  answer  to  any  ques- 
tion on  wiring. 
C  We  carry  the  book  in  stock. 


Price,  postage  prepaid. 


$1.00 


FLASH 


~^\ 


mi^ 


Special 


TJGHTS 


Can  be  Carried  in  the  Vest  PocKet 


THIS  Vest  Pocket  Light  is  not  a  toy.  It 
gives  instant  light.  No  chemicals,  oil, 
smoke  nor  odor.  No  heat,  matches, 
trouble  or  danger.  No  wires  to  go  wrong. 
Cannot  be  blown  out  by  the  wind.  Invaluable 
in  gas  works,  paint  factories,  mines,  oil  wells, 
paper  mills,  woodworking  factories,  etc.  Use- 
ful for  Miners,  Hunters,  Plumbers,  Railroad 
Employees,  Undertakers,  Sailors,  Soldiers, 
Travellers.  Watchmen.  Liquor  Dealers,  Phy- 
sicians, Policemen,  Machinists,  and.  in  fact, 
for  all  purposes  where  a  light  is  instant- 
ly required.  Endorsed  and  used  by  the 
Army  and  Navy  Departments  of  this  and 
Adopted  by  nearly  all  of  the  Police  and  De- 


Style  B 


foreign  countries. 

tective  Agencies  of  the  world. 

Style  B— Pressboard  Case  ......... 

Style  A— Metal  Case  Covered  with  Leatherette      .... 

Style  A— Special— Vulcanized  Fibre  Case 

Extra  Batteries,  30  cts..  Extra  Bulbs,  55  cts. 


$1.00 
1.25 
1.50 


THE  W.  G.  NAGEL  ELECTRIC  CO.,  TOLEDO,  OHIO 
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President,  Boston  Elevated  Railway  Company. 

Late  Brig.-Gen.,  U.  S.  Volunteers;  formerly  Mayor  of  Cambridge,  Mass..  Etc. 
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Is  Niagara  Dooinmed? 

jil    Po^ver    Developn^ent   Trt,— 

tlhie  Kn^viromis  of  tKe  Cataract 

By  ORIRSH  E.  DUNLAP 

Slatf  Correspondent.  The  Tkciisical  Woklu 


■t» 


DrRIXCj  the  past  fifteen  years  the 
power  <level<)i)nieiit  at  Xia^ara 
I'alls  has  attained  marvelous 
proportions,  until  to-day.  in 
some  circles,  fears  arc  expressed  that  ul- 
timately the  scenic  beauty  of  the  won- 
derful cataract  is  destined  to  be  de- 
stroyed. It  was  on  Octoi)er4. 1890. that  the 
Xia.cfara  I'alls  Power  Company  turned 
the  first  sod  on  its  tunnel  power  (level* )])- 
ment  on  the  Xew  York  side  at  Xiatjara. 
On  April  4.  i8<j5.  the  first  ji^eneratinj^ 
unit  v.as  starte<l  in  Power  House  Xo.  I 
of  this  company  ;  and  in  time  nine  other 
units,  each  of  5.(XX)  horse-power,  were 
placed  in  operation  in  tiie  same  magnifi- 
cent station,  makini^  50,000  electrical 
horse-power  in  all  that  is  j^^^enerated  under 
this  sing^le  roof.  This  development  in 
units  so  larG[c  was  considered  wonderful 
Electrical  engineers  and  scientists  in 
Europe  and  America  lonped  for  the 
operation  of  these  gfrcat  power  producers, 
so  that  it  mic^ht  be  determined  whether 
or  not  their  professions  had  so  far  pro- 
g^ressed  that  they  could  develop  p<iwer 
in  such  lare^e  blocks.  Time  passed,  and 
the  installation  of  Power  House  No.   i 


Coprright.  1905.  by  The  TechDical  World  Company 


was  demonstrated  to  be  a  ^^r.-iixi  >u(.ics>. 
Engineers  from  every  part  of  the  world 
journeyed  to  Xiaji^ara  to  view  the  won- 
derful works,  and  it  was  clear  that  the 
world  had  fairly  leaped  forward  in  the 
field  of  the  hydrcj-elertric  <K-velrit)iiu-nt 
of  power. 

This  was  accomplished  by  mean^  of  an 
inlet  canal  to  conduct  the  water  from  the 
upper  .Xiatjara  river  t(j  penstocks  that 
carry  it  down  ont«i  turliincs  |)Iaced  near 
the  bottom  of  a  deep  wheel-pit  cut  out 
of  the  solid  rock.  The  water  dv  '^■-viX 
from  the  turbines  is  carried  by  of 

a   tunnel   over  6.CXX5  feet   lonj^  lie 

lower  river,  at  a  point  a  full  mile  irom 
where  the  upper  river  is  tapped.  Ten 
turbines  operate  ten  j:jenerators,  the  tur- 
bines and  generators  beinij  connected  by 
vertical  shafts  extending'  u|)  the  wheel- 
pit,  and  each  shaft  being  a  tiil)C  except 
at  the  bearings.  The  wheel-pit  under 
Power  House  N^o.  i  is  178  feet  deep,  424 
feet  long,  and  18  feet  wide.  It  is  lined 
throughout  with  brick,  as  is  also  the 
great  tunnel,  which  is  21  feet  high  and 
18  feet  10  inches  wide,  built  in  the  form 
of  a  horseshoe.    The  generators  in  Sta- 
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POWER  HOUSES  NO.  1  (TO  THE  RIGHT)  AND  NO.  2  (TO  THE  LEFT) 

The  transformer  station  is  the  smaller 


tion  Xo.  I  are  of  the  external-field  type, 
with  revolving  ring;  and  while  making 
250  revolutions  per  minute,  they  generate 
current  at  2.300  volts,  two-phase,  25  cy- 
cles. The  station  has  two  switchboards, 
each  controlling  five  of  the  units.  Each 
generator  has  a  bridge-like  structure  over 
its  top. 

The  installation  in  Power  House  Xo. 
I  of  the  X'iagara  Falls  Power  Company 


Showing  How  the  Big  Niagara  Power  Houses  are 
Built  over  a  Wheel-Pit. 


was  hardly  completed  before  the  com- 
pany had  broken  ground  for  a  new  de- 
velopment in  Power  House  X^o.  2.  This 
station  has  a  length  of  560  feet,  and  is 
70  feet  wide,  40  feet  on  the  west  side  be- 
ing devoted  to  a  covered  forebay  struct- 
ure. Both  of  the  great  power  houses  are 
of  gray  stone,  having  such  a  substantiaf 
appearance  that  they  are  very  impres- 
sive. Wheel-pit  X^o.  2  has  a  length  of 
463  feet,  and  a  width  of  18^  feet,  and 
is  ly^Yi  feet  deep.  In  pit  Xo.  i  the  tur- 
bines work  under  a  head  of  136  feet ; 
and  in  X^o.  2,  under  a  head  of  145  feet. 
Double  turbines  are  used  in  wheel-pit  Xo. 
I  ;  and  in  pit  Xo.  2  the  wheels  are  of  the 
Francis  or  inward-discharge  type.  The 
output  capacity  of  Power  House  X^o.  2 
is  55.000  horse-power,  this  station  hav- 
ing eleven  5,000  horse-power  units,  the 
operation  of  which  takes  no  more  water 
than  the  ten  units  in  Power  House  Xo. 
I.  The  turbines  and  generators  in  Power 
House  X^o.  I  are  numbered  from  i  to 
10  inclusive  ;  while  those  in  Power  House 
Xo.  2  are  numbered  from  11  to  21,  in- 
clusive. When  Power.  House  X^o.  2  was 
erected,  the  tunnel  was  extended  to  its 
site,  so  that  the  total  length  of 
the  tunnel  of  the  Xiagara  Falls 
Power  Company  to-day  is  7436^ 
feet.  In  installing  the  machines 
in  Power  House  Xo.  2,  some  changes 
were  made,  so  that  six  of  the  generators 
are  of  the  external-revolving-field  type ; 


/S-   .\L-IG.4R.t    pnnyinQf 


building  in  foreground  at  rii;hl. 


Oh    iHK   MAGAkA   hAl.LS  HoWKR  COMI'ANV 


l)Ut  in  their  o  msiriu-tii  m  ami  erection,  the 
iron  hri«I{;e  structure  such  as  was  huiU 
over  the  tjenerators  in  Power  House  Xo. 
I  was  omitted.  The  remaining:  five  s^en- 
erators  in  Pcnver  1  house  Xo.  2  are  of  the 
internal-revolvinc^-fiehl  type.  The  cur- 
rent from  hoth  p^reat  power  houses  is  in- 
lerchanf^eahlc. 


At  a  tle|)th  <»f  i.^o  feet  from  the  sur- 
face there  is  a  tunnel  .^lo  feet  lonjj  ex 
tending-  under  the  inlet  canal  ami  con 
nectini;  the  two  wheel-pits.  This  tunnel 
is  to  accommodate  employees  in  passing 
from  i)it  to  [)it :  hut  visitors  to  th-  •  '  ■  ••; 
f)n   trips    of    inspection    are    co'  1 

through  it.     .^uch  a  trip  usually  consi.sts 


POWER  HOUSE  FOREBAV  STRICTIRE  OF  CANAPIA'. 
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of  an  inspection  of  the  installation  of 
Power  House  No.  2  ;  a  descent  to  the 
wheel-pit  under  No.  2  ;  a  trip  through 
the  connecting-  tunnel  to  wheel-pit  No. 
I ;  and  then  an  elevator  ride  to  the  gen- 
erator room  of  Power  House  No.  i,  and 
an  inspection  thereof. 

The  water  supply  of  all  the  turoines 
is  taken  from  the  same  inlet  canal,  Power 
House  No.  I  standing  on  one  side  of  the 
intake,  and  Power  House  No.  2  on  the 
opposite  side,  toward  the  upper  river. 
Through  the  installa- 
tions of  the  two  big 
power  houses,  the  Niag- 
ara Falls  Power  Com- 
pany has  105,000  elec- 
trical horse-power  at  its 
command.  This  power 
is  applied  to  the  opera- 
tion of  various  electro- 
chemical industries  on 
the  lands  of  the  com- 
pany close  by  the  station, 
and  for  the  operation  of 
the  electric  railways  in 
Buffalo,  Niagara  Falls, 
Lockport,  the  Tonawan- 
das,  and  Olcott,  the  last- 
named    place    being    39 


Interior  of  Forebay  Structure,  Power  House  No.  2, 
Niagara  Falls  Power  Company. 


miles  from  Niagara.  In  Buffalo,  the 
Niagara  current  is  also  applied  to 
the  operation  of  grain  elevators, 
flouring  mills,  and  various  other  indus- 
trial establishments.  At  Niagara  Falls, 
the  application  and  uses  of  the  electricity 
are  truly  wonderful.  Electric  furnaces 
of  great  size  are  heated  to  unknown  tem- 
peratures, and  strange  are  the  products 
thus  derived.  The  processes  are  marvel- 
ous, and  from  simple  raw  materials  won- 
derful products  are  derived.  ]\Ir.  E.  G. 
Acheson,  the  "wizard"  of  Niagara,  by 
one  of  his  processes  in  electric  furnace 
operation,  gets  the  hardest  known  ab- 
rasive ;  and  yet  by  carrying  it  further  he 
obtains  a  first-class  lubricator.  Some  day 
when  he  opens  a  furnace,  he  may  find  it 


Trainload  of  Machinery  for  Canadian  Niagara  Power  Company. 
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full  of  (liamonds  i>f  the  first  water,  rival- 
ing the  latest  fiiuls  in  South  Africa. 

Niatfara  Falls  Hydraulic  Power  t»« 
Manufactiirintf  Company 

The   Xiai^ara   I'alls   Hydraulic  Power 
&    Manufacturinjjf    Company   owns   the 


'■  carry  .t  :,  ( 

(.  ■  1  .^v  ■  ■  I  i  1 11,  1  .ink.     Ill 

bays    that    hu^je    jHn«.t 

water  ami  carry  it  to  a  in.wt  r  h-.ii^c  !o 

cated  at  the  water'- 

The  turbines  an>!  ;; 

tion  are  on  hori/  -.    T' 

trie  current  is  usi'd  in  th<  of 


oldest  water-power  development  at   Xi-      electrolytic  works,  flouring  nnlU.  bilvcr- 


PORTAL  OF  THE  NIAGARA  FALLS  POWER  COMPANY  S  Tl'NNEI. 
View  taken  from  the  Canadiaa  tide 


aq^ara.  This  company  has  a  surface  canal 
loo  feet  wide  an<l  4.400  feet  loni,'.  which 
taps  the  upf)er  river  not  fjuite  a  mile  back 
from  the  brink  of  the  American  Fall. 
This  canal  conducts  the  water  to  a  basin 
300  feet  back  from  the  cdije  of  the  hitjh 
bank  of  the  lower  river ;  and  then  con- 


l)latinj^  factories.  1)ookbinderics.  etc. ; 
wliile  jiaper  mills  and  other  establish- 
ments take  water  from  the  canal  to  de- 
velop hydraulic  power  in  connection  with 
their  individual  plants.  All  told,  about 
5o.o<'K)  horse-power  is  devrloperl  from 
the  rnnal  wnfcrs  :  nnrl  a  new  jx)wer  house 
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TURBINE  AND  GENERATOR  INSTALLATION. 
In  Section  No.  2  of  Niagara  Falls  Hydraulic  Power  &.  Manufacturing  Company's  station. 


is  in   course  of  erection   at   the   water's 
edge,  to  the  north  of  the  present  station. 

Canadian  Niagara  Development 

While  considerable  progress  has  been 
made  in  developing  power  on  the  New 
York  side  at  Niagara,  the  Canadian  side 
is  now  taking  the  lead  in  several  particu- 
lars. Over  on  the  Canadian  side,  the 
available  power-house  sites  are  all  within 


Sections  of  Big  Penstock  of  the  Canadian  Niagara  Power  Company. 


the  boundaries  of  Mctoria  Park,  and 
this  brings  the  development  close  up  to 
the  Horseshoe  Fall ;  while  on  the  New 
York  side  it  has  been  kept  well  back 
from  the  cataract  in  order  that  the  beauty 
of  the  spectacle  may  not  be  marred.  The 
Commissioners  of  \'ictoria  Park  control 
the  lands  all  about  the  falls  on  the  Do- 
minion side,  and  already  they  have 
granted  three  franchises  for  the  develop- 
ment of  a  grand  total  of 
415,000  horse-power.  On 
the  New  York  side  the 
power  rights  have  been 
granted  free  -by  the 
Legislature  of  the  State  ; 
but  on  the  Canadian  side 
the  Park  Commissioners, 
and  the  Government 
have  seen  fit  to  develop  a 
very  substantial  revenue 
from  the  rights  granted. 
The  three  companies 
now  holding  franchises 
on  the  Canadian  side  are 
the  Canadian  Niagara 
Power  Company ;  the 
Electrical     Development 


IS    .V/.Iu.lA-. 


I).* 


Company     of     Ontario. 
Limited :    and    tlic    (  ' 
tario .  f'owcr    Company. 
The     first     named     two 
companies  pay  an  annnal 
rental   of   $15,000  each, 
while  the  Ontario  Power 
Comj)any  pays  an  anmial 
rental  of  $30,000;  ami  in 
addition  thereto,  each  of 
the    companies    jxiys    at 
the    rate    of    one    dollar 
per  annum  for  each  elec- 
trical  horse-power   jjen- 
erated  and  used  and  sold 
or  disposed  of,  over  10.- 
000      electrical       horse- 
power up  to  20.000  elec- 
trical  horse-power;  and 
makes    further   payment 
of  the  sum  of  75  cents 
for    each     electrical     horse-power 
20.000   up   to   30.000;   and    still    further 
pays  the  sum  of  50  cents   ior  each  ad- 
ditional electrical  horse-power  };enerated 
and  used  and  sold  or  disposed  of.     I'Vom 
these  sources  of  revenue  a  very  larj^c  sum 
of  money  is  realized  each  year    hy    the 
Canadian  park. 


I'li.saiuCK  Mi.L  riiiiK'  K 


IIAX     NiAUAKA 


Canadian  Nlatfara  Power  Compnny 
The  Canadian  Niagara  i'nwer  Com- 
pany was  first  to  secure  rij^hts  on  the 
Canadian  side,  and  first  to  select  its  site 
of  development.  This  company  is  prac- 
ticallv  the  same  as  the  Niagara  I'alls 
Power  Company:  and  for  its  tleveKip- 
ment  on  the  Canadian  side,  it  has  adopted 


SCENE  IN  POWER  HOUSE  OH   NIAGARA    .ALLS   HVDRALLIC   POWER  i  MANU.AL  i  L  k.  .■ 
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Conduits  Laid  in  Victoria  Park. 

a  plan  very  similar  to  that  of  the  Niagara 
Falls  Power  Company  on  the  New  York 
side,  which  makes  use  of  an  inlet  canal, 
a  wheel-pit,  and  a  tunnel  tail-race.  The 
power  house  is  a  beautiful  stone  structure 
situated  in  \'ictoria  Park  above  the  great 
Horseshoe  or  Canadian  Fall.  There  a 
wheel-pit  has  been  sunk,  and  from  this 
pit  a  tunnel  2.200  feet  long  leads  to  the 
lower  river,  the  portal  of  the  tunnel  be- 
ing located  just  at  the  edge  of  the  falling 
sheet  of  water.  In  size,  the  tvmnel  is 
slightly  larger  than  that  on  the  New 
York  side,  but  only  about  one-third  as 
long,  a   fact  that  materially  lessens  the 


cost  of  producing  power  on  the  Canadian 
side.  It  is  lined  throughout  with  brick 
and  concrete,  and  the  wheel-pit  is  also 
lined. 

An  important  feature  of  the  develop- 
ment of  the  Canadian  Niagara  Power 
Company  is  the  fact  that  the  unit  adopted 
for  the  development  is  10,000  horse- 
power, or  double  the  size  of  the  unit 
used  in  connection  with  the  development 
on  the  New  York  side.  The  turbines  are 
placed  near  the  bottom  of  the  wheel-pit 
and  connected  to  the  generators  by  ver- 
tical shafts.  The  generators  are  of  the 
internal-revolving-field  type,  wound  di- 
rectly for  12,000  volts,  three-phase,  25,- 
cycle  current,  while  making  250  revolu- 
tions per  minute.  The  over-all  diameter 
of  the  generators  is  about  19  feet,  while 
the  revolving  part  of  each  machine 
weighs  about  141,000  pounds.  The  re- 
volving-field ring  is  built  up  of  punched 
laminations,  bolted  together,  with  joints 
lapped. 

The  high  voltage  at  which  the  current 
will  be  generated  in  this  power  house  was 
not  decided  upon  specially  for  long-dis- 
tance transmission,  but  to  efifect  economy 
in  distribution  to  consumers  near  the 
power  house,  it  being  evident  that  after 
a  radius  of  about  one  mile  is  exceeded, 
it  becomes  cheaper  to  transform  to  12,000 


CONCRETE  WALL  OF  FOREBAY  OF  ONTARIO  POWER  COMPANY. 


IS  Xl.'h..u 


>MnD' 


volts  tlirce-phase  and  ilistrihute  at  this 
voltapc  tliati  to  supj^ly  power  at  a  voltaj^c 
of  2,300.  ll«nvcvcr,  j><)\vct  for  l<.iitj dis- 
tance  transmission  will  l*c  passed  tlir<>uj^h 
stcj)-up  transformers  to  raise  tlic  voltajje 
to  22.000,  40,000,  or  ^>o,ooo  volts  as  tle- 
sircd. 

In  the  articles  of  ag^reement  between 
tlic  power  companies  and  the  Commis- 
sioners of  \'ictoria  Park,  it  is  understood 
and  ai^reed  that  all  power  used  nuist  he 
transmitted  heyond  the  jj.irk  houndaries  ; 
that  no  factories  can  be  locate<l  on  park 
lands.  It  is  also  understood  that  power 
can  he  transmitted  across  the  Ix^rder  into 


whether  he  Ik-  on  the  N\  \v  W-/^ 
nadian  .side  of  the  ri\<r.  h.ts  tli.-  ..  . 
ance  of  a  continiiity   n>  1.       i 

power  given  by  the>e  c- 

Three  of  the  units  in  the  vt.iti.iu  of  \\  ■ 
Canadian     Niagara     Power 
Were  sueressfully  .started  on    i 
i<;<)5  ;  ami  by  .\lay   1   it  was  j 
have    two    additional    units    n-ady    for 
operation  so  that  by  that  date  the  sta- 
tion  Would   be  pre]>ared   X*      '  "      -    - 
000  electrical  horse-jKjwer  i 
chines,  cciualinjj  the  oiit])ut  of  the  titi 
machines  in  Power  Ibnisc 
Xiaj^ara  Falls  Power  CVMUp.iu;. 


CONCRETE  WORK,   ONTARIO   POWER  COMPANY 

View  showini;  one  of  the  nietlio<ls  of  construction  for 
buruessuiK  It'c  foices  'jI  ttiu  cataract. 


the  I'nitcd  States,  but  that,  should  there 
be  a  demand  for  it,  one-half  of  the  power 
developed  shall  be  supplieil  to  consumers 
on  the  Canadian  side.  As  the  Canadian 
Niagara  Power  Comi>any  and  the  Xi- 
afjara  I'alls  Power  Company  are  practi- 
cally one  and  the  same,  as  stated,  it  has 
been  planned  so  that  the  two  bi.c:  power 
houses  on  the  Xew  York  side  and  the  big 
station  on  the  Cana<lian  si<Ie  can  be  oj)er- 
ated  in  parallel,  the  paralleling  to  be 
done  by  step-down  Scott-connected 
transformers  to  be  located  on  the  Xew 
York  side,  cable  connectit^is  between  the 
great  plants  having  been  made  by  a  trii)le 
conductor  laid  across  the  upper  steel- 
arch  bridge.  Therefore,  every  power 
customer     of     these      two      companies, 


to,  Ont..  is  anxiously  awaiting  the  ad- 
vent thither  of  Niagara  power;  and  it  is 
e.\pecte<l     that     within    a     few    n       *' 
power  from  this  [)lant  will  be  tran-  1 

to  that  city,  a  distance  of  nearly  90  miles, 
over  a  transmission  line  erected  by  the 
Toronto  &  Xiagara  Power  Company. 

Electrical  Development  Company  of 
Ontario.  Ltd. 

The  iJecincal  1  )evelopment  G" 
of   Ontario.    Limited,   has   also   t  i 

the  wheel-pit  and  tunnel  tail-race  method 
for  its  development.  This  company  is 
backed   by   Toronto  capitalists,   and   the 
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Toronto  &  Niagara  Power  Company  is 
allied  to  it  for  transmission  purposes. 
The  site  of  the  company's  development 
is  up  the  river  above  the  station  of  the 
Canadian  Niagara  Power  Company,  the 
power  house  being  located  on  land  re- 


nal-revolving-field type,  dehvermg  three- 
phase  25-cycle  current  at    12,000  volts. 
From  the  bottom  of  the  wheel-pit,  two 
discharge  tunnels  will  lead  from  the  sides 
to  a  point    165    feet  distant,  where  the 
tunnels  will  join  in  one  large  tunnel  24 
feet  wide  and  26  feet  high,  built  in  the 
form  of  a  horseshoe.     This  main  tunnel 
will  run  under  the  river  bed  to  the  gorge, 
at  a  point  back  of  the  falling  water  of  the 
Horseshoe  Fall,  where  it  will  empty  into 
the  lower  river,   its  length  being  abovit 
2,100  feet.     In  the  construction  of  this 


claimed  from,  the  river  by  means  of  a 
great  coflFer-dam.  A  gathering  dam  over 
700  feet  long,  built  of  concrete  and  cap- 
ped with  granite,  will  extend  out  into  the 
river,  the  height  varying  from  10  to  23 
feet.  In  length  the  power  house  vnW 
be  nearly  500  feet;  width,  70  feet;  and 
height,  about  40  feet.  The  wheel-pit  will 
be  416  feet  long,  158  feet  deep,  and  22 
feet  wide,  the  excavation  of  the  pit  be- 
ing at  this  w^riting  nearly  completed. 
This  power  station  will  contain  eleven 
8,000-kilowatt  generators  of    the    inter- 


tunnel,  it  was  necessary  to  sink  a  shaft 
on  the  shore  line  close  by  the  Horseshoe 
Fall;  and  from  the  bottom  of  the  shaft 
a  lateral  tunnel  or  "drift"  was  driven 
out  under  the  river  bed  to  the  line  of  the 
main  tunnel,  from  which  point  headings 


/I    .^  I  AGAR  A    L'uu.UHD^ 


were  driven  toward  the  precipice  l>ack 
of  the  fall,  and  also  towanl  tlic  wlieel-pit. 
This  work  was  in  cliarj^^e  of  ^  •'  iiv 
C.  Douglass,  a  ctmtractor  who  a  '.  in 

the  work  on  the  \ew  York  side,  and  who 
huilt  the  tuiuK-l  of  the  Canadian  Xiaj,'ara 
Power  Company. 

Ontario  Power  Company 

The  ( )ntario  i'ower  Company  expects 
to  develop  180.000  horse-power.  It  has 
placed  its  power  house  at  the  waters 
edtre  in  the  grorj^e,  very  close  to  the  foot 
of  the  Horseshoe  Fall,  while  its  forebays 
are  located  a  mile  away  up  the  river  be- 
yond the  nufferin  Islands.  The  forebay 
construction  of  this  company  will  be  elab- 
orate. There  will  be  an  outer  forebay 
with  an  area  of  eitjht  acres,  and  an  inner 
forebay  with  an  area  of  two  acres,  all 
in  the  normal  bed  of  the  river,  from 
which  the  water  has  been  temporarily  di- 
verteil  by  win.cf  dams.  Water  passinjjf 
into  the  forebays  will  be  carefully 
screened  to  prevent  the  entrance  of  ice 


and  drift.    At  the  lower  «mi  1    ,f  t" 

forebay,  there  wdl  be  a  -..tr    1,. ,mm 

here  the  w:  '  ,  ^■  . 

Iar;;csi  ^t. 

these  111  IS  ah' 

has  a  diameter  of  iS  ud.  ;in.i  .1 

of  6. 1  So  foet.     It  i«i  mad.-  ■  ' 

one-half  inch  thick,  tlusc  |>I 

in  forced  every  four  feet  b. 

fleck  beams    l)ent    to    tlie    r.idttjs 

pipe.     This  flume  is  ev 

3.(/X)  cubic  feet  of  wati .   ^■■  . 

an  ojien  relief  or  spillway,  fr«»m 

penstocks   will   carry  tlie   wat 

turbines  in  the  power  house  at  the  water's 

edi^c.     P'ach  of  the  hip  flunus  v.  "  ' 

eij^ht  penstocks,  si.\  of  which    

a  diameter  of  9  feet  an<l  will  supply  the 
wheels  of  the  main  generators;  while  two 
other  i>enstocks  30  inches  in  diameter  will 
deliver  water  to  the  v.'  '  ''  •  will  <!rive 
the  e.xciters.     These  j  liave  In'en 

concealed  in  tunnels  driven  through  tlie 
face  of  the  cliff,  in  order  not  to  mar  the 
.scenic  features  close  by  the  I'alls.     Each 


die 


LAVING  STEEL  FLUME  OF  ONTARIO  POWER  COMPANY. 
The  construction   is  cotDpleted  by  jacketiof  the  tub«  with  concrete 
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Steel  Plates  from  which  the  Flume  was  Built, 


generator  in  this  station  will  be  of  7.500 
kilowatts'  or  10,000-horse-power  capac- 
ity, direct-connected  on  a  horizontal  shaft 
to  a  twin  turbine.  The  turbines  will  dis- 
charge into  a  short  tail-race  underneath 
the  power  house,  which  will  empty  into 
the  lower  river  immediately  opposite 
Goat  Island.    \Mien  in  full  operation,  the 


power  house  will  divert 
about  12,000  cubic  feet 
of  water  every  second 
from  the  upper  river. 
The  transmitting  and 
distributing  station  of 
this  company  will  be  lo- 
cated on  the  bluff  in  the 
rear  of  Victoria  Park, 
550  feet  away  from  the 
power  house,  and  fully 
250  feet  above  it. 

The  Ontario  Power 
Company  expects  to 
have  generators  at  work 
in  its  power  house  by 
the  middle  of  the  sum- 
mer, while  it  will  be 
later  in  the  year  when 
the  Electrical  Develop- 
ment Company  of  Ontario,  Ltd.,  will 
have  power  for  sale.  Indications  are 
that  considerable  of  the  current  gen- 
erated by  the  Ontario  Power  Com- 
pany -will  be  sold  on  the  New  York  side 
of  the  river,  substantial  contracts  for 
such  delivery  by  July  i  of  the  present 
year  having  already  been  made. 


imtMiitiiiiiiia  i  i  i     ■"  1 


POWER  HOUSE  NO.  2,  NIAGARA  FALLS  POWER  COMPANY. 


Life 


IFE  is  an  arrow — therefore  you  must  know 
What  mark  to  aim  at,  how  to  use  the  bow; 
Then  draw  it  to  the  head,  and  let  it  go. 

—Henry  van  Dyke. 
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The  Story  of  the  Cod 


Rise  of  the  New  EntJland  Fishing  Industry— The  Town  of  Glcjuccster.  Mass.,  and 

its  Captains  Courageous  Who  Follow  Their  Perilous 

Occupation  on  the  Grand  Banks 


By    WINIFRED  FALES 

Author  of  "  Jaiasf.sr  Shadow  Paintini;,"  "A  Rovai.  Komasi  f 

sitv   and    rclniiji*.- 


Err. 


I  TIC  story   of   the   cod- 
tisli  is  the  st(3ry  of  a 
little    town    on    the 
northern       promon- 
tory   of    Massachu- 
setts     Bay.        -Most 
towns     draw     their 
maintenance       from 
the  fulds  and  mead- 
ows ahout  them:  hut  the  fields  of  (ilou- 
cester  are   the   Atlantic   Dcean,   and    its 
meadows  the  I'anks  of  Xcwfoundland. 

Founding  of  Gloucester  and  Its  Fleets 

The  history  of  the  settlement,  from 
its  tentative  beginnings  in  the  early  part 
of  the  seventeenth  century,  has  been 
marked  with  flood  tides  of  prosperity  and 
growth,  alternating  with  ebbs  of  adver- 


'-...i..  I'tiurteen  men 
were  landed  on  Cape  .Ann  from  an  I'.n- 
glish  fishing  vessel  in  i^»23.  and  formed 
the  nucleus  of  a  colony  wliich  was  aug- 
mented in  similar  fashion  for  two  suc- 
cessive seasons.  .\t  the  end  of  the  third 
year,  the  settlers  driftecl  back  to  Kngland 
or  to  other  American  plantations,  an<l  the 
career  of  (Gloucester  was  ai)i)arently  end- 
ed. Later  attempts,  however,  were 
crowned  with  success;  and  in  U>42.  the 
name  which  the  town  has  evt-r  since 
l)orne  was  conferred  upon  the  then  vil- 
lage of  some  eighty  inhabitants. 

Xo  fishermen  were  they,  but  farmers, 
who  blindly  ignored  the  teeming  wealth 
in  the  waters  about  them  and  struggled 
to  wrest  a  living  from  the  sterile  soil  of 
that  unyielding  granite  coast. 
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>/?r  or  TH! 


With  the  (t|)cninj:^  of  the  ei^hteeiitl! 
century,  came  the  first  great  wave  oi 
prosperity.  The  settlers  seemed  su<l- 
<leiily  to  awake  to  an  a|)preciation  of  the 
riches  that  lay  ready  to  their  hand  ;  and 
fishing,  theretofore  desultory  aiul  inci- 
dental, was  begun  in  earnest.  A  few 
ship  carpenters  had  come  over  from  the 
mother  c<iuntry  in  the  ])receding  decade;* 
and  a  little  shiphuilding  had  been  at- 
tempted, with  varyiiig  profit.  \ow  they 
turned  their  attention  to  the  constructi<in 
of  fishing  craft,  chietly  small  sloops  ;  and 


iU.jgcd   ••!:a;:!:,T  " 

of   the 

.i^iirs  in  whicji  hvi 

destroyed,  the  iiuhisii  . 

the  town  of  ii>  birth  \ 

ingly. 

'VUvn   thntr 
call   to  arm'i.   .;  ,  i    m. 
their  sails.  t\i  liangeil  r 
whatever  weapon  the 
marched    fortl)    to    bati; 


vv  •  I  <■ 


UNLOADING  A  CARGO  Ol-  CODFISH. 


the  town  rang  early  and  late  with  the 
music  of  saw  antl  hammer. 

Emboldened  by  their  first  successes, 
and  i>erhaps  inspired  by  the  same  spirit 
of  a(lventure  which  had  in  the  beginning 
bnnight  them  to  the  Xew  World,  the  am- 
bitious mariners  pushe(l  further  and  fur- 
ther north.  Xew  ami  larger  vessels 
were  built  to  meet  the  needs  of  the  in- 
creasingly distant  voyages;  and  at  last 
a  small  fleet  of  sch<^:)ners  crept  timor- 
ously up  to  the  firand  r.ank.  and  re- 
turned with  heavy  fares  and  glowing 
accounts  of  the  abundant  fishing  to  be 
had  in  those  untried  waters. 

For  a  time,  both  agriculture  and  the 
local     fisheries     were     neglected.       The 


name  of  Liberty.   Those  sturdy  seafarers, 
accustomed  to  ])lay  with  death  and  to  l)c 
calm  in  the  midst  of  danger,  gave  a  i," 
account   (){   themselves    in    that    pititi; 
one-sided   war,   as  they   have  ever   sin  • 
done  in  atTairs  of  public  weal. 

It  was  but  a  shattered  remnant  of  the 
I)atriotic  band  that  returned  to  (douce^*<  '• 
when   the  hard-earned  victory  had  b.  -   i 
won.     The  fortunes  of  the  imlustrious 
little  community  were  again  at  < ' 
and  the   Hanks  fisheries  were  pr.! 
discontinued — partly  for  lack  of  c; 
man   the   boats,   and    partly   becau.se  all 
business  in  the  Cr)lf>nies  was  disor: 
and  tottering.     For  years  the  o*'- 
was  in  local  waters,  and  on  a  > 
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FROM  THE  SCHOONER  TO  THE  SCALES. 


It  was  not  until  the  middle  of  the  nine- 
teenth century  that  the  ancient  fishing 
grounds  were  again  visited  in  force. 

By  this  time  the  country  had  recovered 
from  the  disastrous  effects  of  its  struggle 
for  independence.  Younger  generations 
had  risen  up  to  fill  the  vacancies  in  the 
ranks  of  the  older ;  and  an  increased  de- 
mand for  sea-food,  and  consequent 
higher  prices,  made  it  possible  to  reopen 
the  Banks  fisheries  and  establish  them 
upon  a  permanent  basis. 

Gloucester  had-  come  into  its  heritage. 

Old  Ocean  Exacts  Costly  Tribute 

The  story  of  Gloucester  is  the  story  of 
the  cod  ;  but  it  is  a  somber  tale,  written  in 
terms  of  suffering,  tragedy,  and  women's 
tears.  The  insatiate  monster,  ocean, 
keeps  a  strict  account  with  its  votaries  ; 
and,  while  giving  freely  of  the  treasure 
in  its  inexhaustible  coffers,  it  remorse- 
lessly exacts  payment  in  human  lives. 
Fifteen  vessels  were  wrecked  in  a  single 
storm  in  the  early  sixties.  One  hundred 
and  twenty-one  brave  men  were  drowned 
between  dusk  and  dawn ;  seventy  wives 
were  widowed ;  a  hundred  and  fortv 
children  were  made  fatherless.  So  terri- 
ble a  price  has  happily  never  again  been 


demanded  by  the  powers  of  the  deep,  yet 
the  sum  total  of  lives  lost  in  cod-fishing 
during  forty-six  consecutive  years 
reaches  the  appalling  total  of  1,610 — an 
of  thirtv-five  each  vear.     What 


average 


Heading  up  Mackerel  Barrels  on  Board  a  Schooner. 


THE  SrORV  Oi-  THE  CuD 


woiukr  that  tlic  women  of  (iloucostcr 
hate  the  sea  with  an  iiiextinj^uishable 
hatred,  as  of  a  relentless  enemy  lyiny:  m 
wait  to  (IrajT^  down  hnshands.  fatliers. 
sons,  into  its  ever-huni;ry  maw?  What 
wonder  that  the  first  plad  hail  that  jjreets 
the  returninjj  fleet  is  followed  by  a  period 
lit  aq'onizinLr  suspense  as  here  and  there 
a  lla},''  at  half-mast  is  nveaU-d,  and  each 
woman  waits  in  speechless  apprehension 
to  loarn  whether  the  blow  has  fallen  upon 
lur  own  breast  or  aimther's? 


of  lianter  and  rlir.fT   fr  -^ - 
ton^jiies  of  his 
animated    t 
ma»i  and  d<  i      ami  u 
I  .a>tly,  tlu-  Ixiat  ma> 
the  mad  rush.     (  »f  » 
could  save  himself  at  th 
otittintj  the  line ;  but  to 
junked  u|>on  as  a  mark 
such  a  solution  of  tlu*  difVici 
only  as  a  last  resort. 
t)ccasionall\      '■ 


,f 


ted 

HT   will  draj; 


TAKING  ICE  ON  BOARD. 
To  preserve  fish  when  they  are  brought  in  frcsli. 


Besettintf  Perils 
Fishers  of  the  vast  trianj^ular  waste  of 
turbulent  waters  which  composes  the 
Clrand  I'-anks.  are  beset  by  a  nuiltitude  of 
perils  in  addition  to  the  tierce  gales  that 
sweep  the  Xorth  Atlantic.  Whales 
abound  in  those  latitudes,  and  now  and 
then  one  fouls  the  "rodinj^"  or  anchor 
line  of  a  dory,  and  goes  tearini^'  through 
the  waves  at  full  speed  with  its  helpless 
]>rize  in  t<iw.  At  the  best,  the  line  event- 
ually- works  free,  and  the  doryman  is 
left  in  mid-ocean  with  the  prospect  of  a 
stiff  pull  of.  it  may  be.  a  mile  or  two 
back  to  the  fishing  ground,  and  a  torrent 


her  anchor,  and  drift  down  u|)on  a  sister 
vessel  with  more  or  less  disastrous  i- 
suits.  icebergs,  too.  are  a  sen 
menace,  especially  in  the  early  .sunui.  •. 
when  they  are  prone  to  split  into  sections. 
or  turn  turtle  without  warning.  To  sec 
one  of  these  majestic  ice-mountains 
drifting  silently  jiast.  i)articularly  at 
night  when  it  glinuncrs  ghost-like  and 
mvsterious  in  the  darkness,  is  an  awe- 
insi)iring  spectacle. 

While  the  berg  is  feared,  it  is  as  noth- 
ing to  the  dread  and  detestation  in  which 
the  transatlantic  liners  are  held.  Each 
schooner  is  supplied  with  bell  and  fog- 


574 


THE    TECHNICAL    WORLD 


horn :  and  the  first  distant  tlirob  of  a 
steamer's  engines  or  sereani  of  her  siren 
is  the  signal  for  a  general  clangor  and 
tooting — too  frequently,  alas,  of  no  avail. 
On  conies  the  i>anling  giant,  the  rhythm- 
ical vibrations  of  her  powerful  machin- 
ery sounding  like  the  pulsations  of  a 
nn'ghty  heart.  If  a  Lilliputian  sailing 
craft  manned  Ijy  unknown  fishermen 
chances  to  lie  in  her  course,  the  passen- 
gers,   making    merry    in    the    brilliantly 


compassing  fog  on  the  Banks.  Its  most 
terrible  characteristic  is  the  suddenness 
with  which  it  shuts  dowm,  gray,  opaque, 
hiding  as  with  a  heavy  pall  everything 
beyond  a  radius  of  a  few  feet.  Seldom 
is  a  day  entirely  clear  on  the  Banks,  and 
the  dories  are  accustomed  to  manoeuver 
in  a  dun  haze  that  imparts  an  air  of  un- 
reality to  surrounding  objects.  But  when 
all  at  once  the  transparent  veil  thickens, 
the  veriest  greenhorn  knows  it  is  time  to 


FILLING  UP  THE  BONING  TABLES. 


lighted  cabins,  or  slumbering  in  luxuri- 
ous staterooms,  will  neither  hear  nor  heed 
the  despairing  cry  of  men  passing  sud- 
denly from  life  to  death  in  the  black 
depths  below.  So  the  ocean  greyhound 
speeds  on  her  way  to  complete  a  record 
run — a  black  hulk  wallows  for  a  moment 
in  her  turbulent  wake  and  is  swallowed 
up — and  a  few  humble  women  on  a  dis- 
tant shore  watch  in  vain  for  one  longed- 
for  sail  amid  the  returning  squadron. 

The  Gray  Terror 

But  there  is  an  enemy  more  to  be 
feared  than  whale  or  dragging  anchor, 
more  deadly  than  the  iceberg,  more  piti- 
less than  the  giant  steamer — the  all-en- 


hoist  anchor  and  pull  for  the  schooners 
that  are  serenely  bobbing  and  rocking  a 
half-mile  aw-ay,  like  a  flock  of  mother 
ducks  watching  the  evolutions  of  their 
little  broods.  In  the  heaviest  fogs,  even 
the  most  experienced  sailor  is  liable  to 
become  hopelessly  confused,  sight  being 
of  no  avail  and  hearing  scarcely  more  re- 
liable as  a  guide.  Familiar  sounds  as- 
sume w^eird  and  unnatural  qualities.  The 
conch  blasts  and  metal-tongued  clamor 
of  bells  appear  to  come  from  all  points  of 
the  compass  —  now  close  at  hand,  now 
muffled  and  far  away.  Voices  sound 
thin  and  distant ;  and  superstitious  fears 
of  "ha'nts"  and  spirits  of  drowned  sail- 
ors that  are  popularly  believed  to  walk 
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BRINGING  SEINES  ASHORE  FOR  REPAIR. 
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the  waters  in  tlic  fog^,  add  to  the  hcwil- 
dernient  oi  the  oarsman  overtaken  by 
the  gray  termr.  There  is  no  standing 
upon  ceremony  on  such  occasions.  The 
first  vessel  to  he  descried  in  the  gloom, 
serves  as  a  haven  ;  and  none  turns  a  deaf 
ear  to  the  call  of  "Dory,  dory,"  whether 
it  comes  from  friend  or  foe.  The  deck 
of  one  schooner  may  be  nearly  buried 
beneath  stranger  boats,  and  her  "fo'c'sle" 


w  ith  trawls.  The  first  is  the  oldest,  and 
was  at  one  time  the  only  method.  It  is 
nowadays  the  least  favored  of  the  three, 
es[)ecially  where  the  catch  is  to  be 
dressed  immediately,  as  dumping  the 
heads  and  ofifal  frightens  away  the  fish. 
The  second  system  was  for  a  long  time 
the  most  popular  of  all,  and  is  still  ex- 
tensively employed,  although  of  late 
vears  there  has  been  a  growing  tendency 


FRO.M  THE  BONING  TABLES  TO  THE  CURING  VATS. 
These  vats  contain  strong  brine. 


crowded  with  the  rescued,  while  the  next 
is  minus  half  her  usual  complement. 
When  the  fog  lifts,  a  general  reassorting 
and  exchange  takes  place.  If  there  are 
no  gaps  in  the  ranks  when  the  roll  is 
called,  there  is  open  rejoicing,  as  it  not 
infrequently  happens  that  a  fog-bound 
fisherman  drifts  away  from  the  fleet  and 
is  never  heard  from,  or  at  best  is  picked 
up  by  some  passing  vessel  after  hours  or 
days  of  suffering  from  hunger  and  ex- 
posure. 

Ho-w  the  Fish  are  Caught 

The  methods  of  cod-fishing  are  three 
— from  the  schooner ;  from  dories ;  and 


toward  trawling.  The  dories  are  broad- 
beamed  affairs,  eighteen  to  twenty  feet 
long.  A  well-equipped  schooner  carries 
ten  or  twelve,  in  two  nests  upon  the  deck. 
They  are  admirably  adapted  to  their  pur- 
pose, being  exceptionally  strong  and  sea- 
worthy. Their  breadth  of  beam  makes 
it  almost  impossible  to  capsize  them  in 
an  ordinary  sea.  They  have,  however,  a 
peculiar  trick  of  lurching,  which,  though 
of  no  moment  to  the  old  salt,  is  liable  to 
send  the  novice  flying  over  the  rail.  The 
dorymen  fish  with  single  lines,  stunning 
the  cod  by  a  blow  from  the  "muckle"  be- 
fore pulling  them  into  the  boat.  Each 
man's  daily  catch  is  recorded ;  and  when 


THE  STORY  OF  THE  COD 
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The  "FLAtEs."  oh  which  the  Fish  akk  Dkied  after  CtiiiiKo. 
Tlie  canvas  cover*  protect  the  fish  from  the  direct  rays  of  the  tun 


Im-T      still      HI 

fir    allfj^iancc    to    tlir 
ittcr. 

Dre»»intf  and  Curinf 
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the  cargfo  is  sold,  he  receives  a  share  of 
the  proceeils  proixirtionate  to  the  muiil>er 
of  tish  cre<lite(l  to  his  account. 

A  trawl  is  a  lon.tr  warp,  havinsjf  short 
lines,  each  furnished  with  a  hook,  de- 
j)endinef  from  it  at  intervals.  The  hooks 
are  baited  with  herriiii,',  s<|uid.  or  selected 
cod  olT.'d  ;  and  the  warp  is  coiletl  in  tuhs, 
great  care  heint,'  taken  to  avoid  snarls. 
The  tuhs  are  loadeil  into  dories,  and 
rowed  to  the  sc<'ne  of  operations.  One 
end  of  the  trawl  line  is  thrown  over- 
hoartl.  with  an  anchor  to  make  it  fast  ami 
a  float  to  mark  its  position.  The  coils 
are  then  rapi<lly  run  out  until  the  other 
end  is  reache«l,  which  is 
then  similarly  anchored 
and  huoyed. 

"I'nderrur.niniL,'"  the 
trawl  is  ])erfonued  as 
follows: — One  end  of 
the  war])  is  pulled  up 
an<l  thrown  across  the 
how  of  the  boat,  rumiinq- 
on  a  small  roller.  The 
dorv  is  then  moved 
ahead  hy  ])ullin|Lr  hand 
over  hand  on  the  line, 
the  men  rciuovinj^  fish 
and  re-haitini^  hooks  a- 
they  a  d  vane  e.  Tin 
wei,c:ht  of  the  heavy  line. 
saj::^j^in,2^  away  on  either 
side  of  the  bow,  is  lia- 
ble to  pull  the  boat  under 
in  a  twinklins: ;  and  onlv 


plact  .....    ...^ 

of  the  han<ls  line  up  Ik* 
fore  ruile  benches  or  tal»lis,  each  armed 
with  a   knife  of  peculiar  i 
man  slits  oi)cn  tb-    <''-b;  t!.. 
moves  the  heatis,  out  th- 

throws  the  livens  into  a  basket;  a  lb  •  i 
wrenches  out  the  hack' 

the  bodies  into  a  tub  o;    

they  are  pitched  into  the  hold  by  a 
I'elow,  the   remainder  of  the  crew   are 
busily  employed  in  rubbini,'  tb-    '    '  '> 

salt,   and   stowinj^  them   awa>        .  > 

stow  carjjf)  properly,  is  a  fine  art. 
Rotation  of  Seasons 
The  <  iraiid   I'.anks  are  lislud  more  or 
less   everv   month   of  the   vear ;   but   the 


Store-room  lit  a  \ 
Here  the  fish  »"-  '  '   <:-^ 
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IN  THE  "FO'C'SLE"  OF  A  FISHING  SCHOONER. 


"season"  proper  begins  about  May  i  and 
ends  in  September.  This  does  not  mean 
comparative  idleness  for  the  other  seven 
months,  however,  as  one  fishing  season  is 
no  sooner  ended  than  another  is  inaugu- 
rated. Upon  the  return  of  the  cod-fleet 
in  tlie  fall,  the  better  class  of  vessels  im- 
mediately begin  fitting  for  the  herring 
trade.  In  November  they  again  start 
northward,  laden  with  merchandise 
suited  to  the  needs  of  the  Newfoundland 
herring  fishers,  with  whom  they  are  ex- 
changed for  fish.  Few  of  the  herring 
are  salted,  the  majority  being  frozen  and 
stowed  in  bulk.  Large  numbers  are  sold 
to  the  Rankers  for  bait,  and  the  rest 
shipped  to  the  big  markets. 

In  February  the  Georges  fleet  leaves 
port  for  its  early  visit  to  the  Georges 
Bank,  one  hundred  miles  east  of  Cape 
Cod.  Ten  or  tw'elve  thousand  herring 
and  about  four  tons  of  ice,  are  the  chief 
items  in  the  equipment  of  a  Georgesman. 
The  trips  are  of  only  two  or  three  weeks' 
duration,  as  the  fish  are  brought  in  fresh. 

Marketing  the  Product 

The  return  to  Gloucester  is  followed 
by  a  period  of  bustling  activity.   The  cod 


are  hoisted  from  the  holds  in  baskets,  and 
poured  in  silver  torrents  upon  the  piers. 
After  being  weighed,  those  destined  for 
immediate  consumption  are  repacked  in 
ice,  and  shipped  by  fast  trains  in  all  direc- 
tions to  furnish  the  larders  of  expectant 
housewives  and  regale  hungry  house- 
holds. The  remainder  are  transferred 
to  the  boning  tables,  wdiere  they  are  split, 


Last  Davs  of  a  Fishing  Schooner. 

The  worn-out  vessels  are  allowed  to  He  in  this  condition 

for  a  long  time,  when  they  are  broken  up  and  sold 

at  a  good  price  for  burning  in  grate  fires. 

The  wood  emits  flames  of  various 

colors  while  burning. 


THE  7. 


bcheadctl.  and  jircparctl  for  saltinjj.  Tin- 
curing^  vats — hoj^shcails  of  strt)iij;  brine 
— next  nccivc  thcni ;  and  after  pickling 
tluTcin  for  a  certain  number  of  boiirs, 
they  are  spread  to  dry  on  the  "tlakes."' 
Ihese  are  lonj^  wtxiden  frames  ereeteil 
ill  the  open  air.  and  provided  with  canvas 
covers  whicli  can  be  drawn  over  the  fish 
in  sunny  weather, 

I  Jut  one  brief  chai)ter  remains  to  be 
told.  Tlie  Hat.  dry.  salt-steeped  bodies 
are  removed  from  the  Hakes,  and  itj- 
imminiously  bimdled  to.tjether.  With 
their  distribution  by  rail  and  water  to 
nearly  all  parts  of  the  habitable  cflobe, 
the  story  of  the  co«l  is  ended. 

Not  so.  however,  the  story  .1  ».. ■Bi- 
cester. The  brii,dUest  passaijes  in  the 
history  of  that  thrivinjjf  coiuiuunily  are 
yet  to  be  written,  for  the  tide  of  pros- 
perity is  still  roUiui::  in.  and  the  j>overt\ - 


.tr.'rkon  li"^  •    '  -  ■'■■ 

tlteenl 
tile    w  >  >\\>\  , .       [  li, 

h.iiidful    ol    > 
tUet    of    bet\V»-  u 
scht  Millers.     I*ew 
manned  l)V  descendant 


was  ih  .;->  il  .i!-;  • 

are    heard    in    it^ 

water-front.        .\ew      I 

!^cotia.  J^wcden.  N'orwa 

lautl.  and  I'ortuj^jal  furii 

(lidatcs  for  adojiiion.    'I 

fishinp  crews;  while  tl 

( jloucester.     v  ■  ^  ••'  '    oj,,., 

years,  operati  deets.  < 

ter's  cstablishiuents.  or  deal  at  wl 

in  the  sea-])roduct  upoti  wbith   r.  ^1^ 

f.une  and  fortune  of  their  bu.sv  town. 


the 


H.f 


triir  CfGt 


;'l]f  man  mlio  ig  uioitliv  of  bring  a 
IfciDfr  of  nifit  Uiill  nrufr  complain 
of  thf  srtipiDitv  of  Iu5  liflpriG.  of 
thr  ingratittiDf  of  manlunD.  of  of 
thf  inappffciation  of  tlif  public. 
(TlifSf  things  arr  all  a  pafc  of  tlir 
gffat  gamf  of  hff;  anD  to  mrrt  thfm  anD  nor  go 
Dolim  bffoff  thfm  in  Discotiragfiiifnt  anD  Defeat,  tc  rhr 
final  proof  of  poinff. 


— Klbert   Htb 


I'.AK  I'. 


DIGGING  COAL  BY  COMPRESSED  AIR. 


PMOTC'S   ey  COUflTESy  of  INSERSOLL-SEHGEANT   DRLL  CO.   AND  CmCASO   PNEUMATrC  TOOL  CO. 


Compressed  Air  as  a  Motive  Power 

The  Bewildering  Panorama  of  Industrial  Uses  to  Which  This  Subtle  and  Incom- 
parable Form  of  Energy  is  No-wadays  Applied 


By  MALCOLM  McDOWELL 

Editorial  Staff,  The  Technical  World 


IN  one  of  Chicago's  busiest  streets, 
recently,  a  wagon  having  an  odd- 
looking  wooden  cover  stood  near 
the  curbing,  the  center  of  attraction 
of  a  curious  crowd.  From  it,  two  rub- 
ber hose  led  up  and  disappeared  within 
the  second-floor  windows  of  a  hotel.  In 
the  wagon  a  gasoline  motor,  sputtering 
and  coughing,  drove  an  air-compressor. 
At  the  other  end  of  the  hose,  by  means 
of  a  suitable  device,  the  vacuum  created 
by  the  air-pump  cleaned  carpets  which 
were  still  tacked  to  the  floor,  and  never  a 
bit  of  dust  escaped.  Near  the  hotel  whose 
carpets  were  being  dust-freed  by  the 
novel  apparatus,  the  steel  skeleton  of  a 
growing  sky-scraper  reared  its  latticed 
shape.  Men  swarmed  over  its  beams  and 
columns,  and  every  once  in  a  while  a  red- 
hot  rivet  flew  from  the  aerial  forge  to 
be  deftly  caught  in  a  nail-keg  held  be- 

(5S0) 


tween  the  outstretched  hands  of  the 
workman  jauntily  poised  on  the  far  end 
of   an    overhanging    beam.      The     rivet 


Cleaning  Car  Cushions  with  Air. 


COMPRESSED 


i-i  A  Morir 


catcher  passed  the  plowinp:  metal  to  an- 
other man.  who  shppid  it  into  the  wait- 
inj^  ht)Ie.     Then  a   \()ke-sha|)e(l  contriv 
ance  was  clapped  over   the   rivet;  th.t. 
was  a  mut^led  thump,  not  auchhle  to  tl 
who    were    craninj^^   their    necks    on    the 


The  granitf  M.V.K 
huildinj^    ■ 


cutter    Worked,  lar 


•r  tin-  t't..: 
I    to    Ih.' 


AIR-PLANT  AND  MACHrNERY.  CHICAGO  DRAINAGE  CANAL. 


Street  two  hundred  feet  helow  the  sliijht 
hiss  of  escaping^  air  ;  and  the  rivet  was 
compactly  and  immovahly  jammed  into 
a  settled  condition.  Tlie  rivetinpf  ma- 
chine was  actuated  hy  compressed  air 
which  came  up  to  it  from  the  compressor 
tliat  clacked  its  valves  on  the  street 
level. 


ease  an  intricate  dcsitrn   ■  ■     " 

fying  rock,  with  a  t<iol  wliich  I 

an  overgrown   revolver,      liut   from   the 

muzzle  of  this  tool  a  chisel  shot  in  an<l 

out.  making  over  1.800  <•-  '       ;.,.,t.. 

This  high  frequency  of 
tingling  steel  fairly  sing.     Jhe  air-com- 
pressor which  "fed"  the  riveting  machine 
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PNEUMATIC  ROCK-DRILLS  IN  A  QUARRY. 


furnished  the  energy  for  the  stone-cut- 
ter's carving  tool — for  it  was  one  of  the 
marvelous  "pneumatic"  tools. 

Under  the  street  on  which  the  carpet 
cleaning  outfit  stood,  ran  great  pipes ; 
and  evefy  few  seconds,  steel  cylinders 
with  wool  collars  flashed  through  the 
tuhes  from  the  central  postoffice  to  a  rail- 
way station.  The  cylinders  packed  with 
letters  were  projected  by  compressed  air. 
A  barber  was  shaving  a  man  in  the  hotel 
shop.     From  the  mirror  panel  in   front 


Carving  Stone  with  Chicago  Pneumatic  Tool. 


of  his  chair,  a  little  rubber  tube  was 
looped.  After  the  razor  stropper  had  re- 
moved the  stubble  from  his  patron's  face, 
he  "plugged"  his  cologne  bottle  into  the 
rubber  tube,  turned  a  valve,  and  com- 
pressed air  from  a  small  water-driven 
pump  atomized  the  fragrant  liquid  into 
a  scented  fog,  which  fell,  a  perfumed 
dampness,  upon  the  clean  cheeks  of  the 
gratified  man  in  the  chair. 

Slowly  and  ponderously  a  huge  horse- 
less truck  moved  up  the  street.  Under  it 
were  suspended  what  looked  like  steel 
pipes  but  were  seamless  steel  flasks  into 
which  air  had  been  compressed  until  the 
pressure  had  passed  1,400  pounds  to  the 
square  inch.  This  pent-up  energy,  re- 
duced to  working  pressure  by  an  in- 
genious valve,  was  led  to  the  air-motor 
by  copper  pipes ;  and  the  wonder  of  it 
was  that  so  much  power  could  be  trans- 
mitted through  such  a  small  pipe.  When 
the  great  wagon  backed  up  to  the  curb, 
the  auto-man  sprang  to  the  walk ;  turned 
a  valve  hidden  under  an  iron  lid  in  the 
wall  of  the  building ;  and  at  once  the 
steel  trap-door  which  sprawled  half-way 
across  the  sidewalk  opened,  a  platform 
rose,  the  load  was  transferred  from  the 
truck  to  the  platform,  there  was  another 
turn  of  the  valve,  and  platform  and  load 
quietly  sank  from  sight.  It  was  a  pneu- 
matic sidewalk  elevator. 


An  electric  street-car  tlnuidcreil  past. 
Its  conductor  ran^  a  l)cll.  the  si 
stop.  The  inotiTnum,  with  tw«.  -.l^.ll 
motions,  hrouj^lit  the  speedinj^  car  to  a 
stan«lstill  within  its  own  length.  One 
hand  moved  the  controller  handle  to  shut 
otT  the  '"juice,"  and  the  other  i)ushed  a 
short  horizontal  lever  a  few  inches.  When 
this  little  lever  moved,  a  quiver  shook  th< 
car  as  thoujj^h  it  had  struck  a  heavy  rock, 
the  wlieels  creaked  and  coniplaine<l,  while 
sparks,  visihle  even  in  the  hrij.,dit  day 
lij^dit.  Hew  from  the  tires,  and  then  the 
wheels  ceased  their  revolutions  and  com- 
|)Iainin<^s.  an<l  the  .sound  of  escapinjj  air 
showed  that  the  masterful  jj^rip  of  the 
air-hrakes  had  heen  loosened. 

It  is  a  far  cry  from  the  ponderous  di}.j- 
nity  of  the  pneumatic  truck  to  the  cut 
j^^lass  atomizer  in  the  harher  shop  ;  hut  liie 
contrast  serves  to  indicate  in  a  slij^ht  de- 
j^ree  the  wide  versatility  of  this  januned 
up.  huoyant.  Ilexihle,  j^opular  form  of 
enertjy  we  call  "compressed  air."  The 
carpet-deanini^  air-plant,  the  pneumatic 
riveter  and  sidewalk  elevator,  the  ])neu- 
matic  stone-carving  toed,  the  pneumatic 


'             W.7: 
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(Iriiikiiif;::  water  would  liavc  to  increase 
their  taxes  to  get  that  which  now  costs 
them  but  little. 

Compressed  air  is  a  most  tractable 
aj;ent  for  the  transmission  of  power.  It 
seems  to  adapt  itself  to  all  conditions,  and 
fit  itself  into  any  situation.  The  free  at- 
mosphere is  sucked  into  a  cylinder 
throui^h  the  valves  of  an  air-compressor, 
and  then  forced  into  a  reservoir  until 
this  air,  which  in  its  free  state  can  be 
waved  into  currents  by  a  feather,  is 
transformed  into  an  invisible  energy — a 
mobile,  adaptable, .  flexible,  docile  pres- 
sure— that  can  be  sent  through  pipes  for 
twentv-five  miles  if  necessary,  without 
peril  to   life  or   limb,  ready   for   instant 


great  public  works  around  Philadelphia 
and  Boston,  or  the  wonderful  wheel-pits 
at  Niagara  Falls,  saw  rock-drills  and 
channelers,  air-hoists,  and  air  dump-cars, 
air-jacks  and  air  paint-brushes,  and 
thought  there  was  something  rather  mys- 
terious about  machinery  which  could  con- 
vert the  air  we  breathe  into  a  force  capa- 
ble of  honeycombing  stone  and  rock  and 


work  at  the  turning  of  a  valve.  It  does 
its  work  through  mechanisms  whose  es- 
sential features  are  a  valve  for  admission 
and  discharge  of  the  air,  a  cylinder,  and  a 
plunger  or  piston.  The  chief  character- 
istic of  all  air  tools  is  the  extreme  rapid- 
ity of  their  movements,  for,  with  some  of 
the  new  forms  of  pneumatic  tools,  2,500 
blows  a  minute  is  common  speed. 

For  many  years  compressed  air  was 
used  almost  exclusively  to  drive  the 
drills  and  cutters  employed  in  mines  and 
quarries — rock-w^orking  tools.  The  mul- 
titudes who  crowded  to  view  operations 
on  the  famous  fourteen-mile  rock-cut  of 
the  Chicago  Drainage  Canal,  the  subway 
carved  out  of  New  York's  stone  founda- 
tion,   Baltimore's    railroad    tunnel,    the 


COMPRESSED  AIR  AT  THE  ANTIPODES. 
Pneumatic  drilling   in  an  Australian  gold  mine. 

lifting  great  weights  with  such  ease. 

And  yet  it  is  doubtful  if  there  is  any 

class  of  machinery  which  has  fewer 
working  parts  and  is  less  complicated 
than  the  mechanisms  which  harness  com- 
pressed air. 

Steam,  gas,  water,  and  electricity  are 
used  to  transmit  power  to  machinery  and 
tools  ;  but  compressed  air  has  this  unique 
advantage  : — having  fulfilled  its  mission, 
it  can  be  discharged  into  the  open  air 
from  the  tool.  Steam,  water,  and  elec- 
tricity must  be  piped  or  wired  out  of  the 
way.  None  of  them,  like  air,  can  be 
loosed  instantly  after  its  work  is  done. 
This  permits  the  workman  to  bring  the 
tool  to  the  work  ;  he  is  not  compelled  to 
bring  the  work  to  the  tool.  To  be  sure, 
steam  can  be  used  to  operate  rock-drills 
and  channelers,  and  in  some  cases  steam 
will  do  this  work  as  well  as  air  can  do  it ; 


coMPniissnn  aik  as  a  Mom 


l)Ut,  as  a  jijencral  proposition,  the  work 
must  be  l)rouj;lu  to  stcain-tlrivcn  tools 
and  machines. 

So  in  .shops,  quarries,  ami  mines,  the 
main  supply-pipes  are  laiil  so  that  a  sup- 
l«ly  of  air  can  he  tapped  lor  one  machine 
or  tot)l  or  a  i,'roup  of  them,  h'rom  this 
pipe,  tk'xihie  rubber  hose  conveys  the 
air  to  the  tool.  an<l  the  tool  is  found 
where  the  work  happens  to  be.  This 
happy  convenience  has  ])ractically  revo- 
lutionized methods  of  work  in  many 
shops  ami  factories,  and  now  it  is  a  very 
humble  factory  which  camiot  boast  a 
small  air-compressor  and  one  or  more 
compressed-air  tools.  There  is  hardly  a 
mechanical  traile  which  (K)es  not  now 
use  one  or  more  pneumatic  tools.  The 
tirst  huge  unwieldy  rock-drills  were  im- 
proved and  cut  d<nvn  in  size  and  weii^ht 
so  that  one  man  couUl  readily  handle  a 
coal-cutter  in  the  mine.  The  percussive 
drill  was  modifietl.  attache<l  to  a  self- 
movinj^  platform,  and  became  the  chan- 
neler  which  makes  the  side  of  a  rock- 
cut  as  smooth  as  if  it  had  been  jdaned. 
Little  by  little  the  tools  were  made 
smaller,  until  to-day  there  are  diminutive 
compressrd-air  hamnurs  used  by  watch- 
makers. 

The  pneumatic  haunner  is  the  most 
common  form  of  pneumatic  tool.  It  is 
employed   in  shop  service   for  cbippinj^. 


Pneumatic  Chipper  at  Work. 


calking",  beading  Hues,  riveting.  an<l  lik« 
Work,     .\veraging  ten  to  thirteen  iM)unds 
in    weight,   and    making    from    i.hxi   to 
2,000  blows  a  minute,  it   is  a  poweti'iil 
tool  in  the  hands  of  a  ca|)able  o| 
In  chipi)ing.  one  man  with  a  pm.ni..M  v 
hammer  can   do  as  much   as   four   men 
working  with  a  common  hand  hammer, 
and  can  do  it  better.     Wherever  percns 
sive   blows   are   wanted,    the    pneumatic 
hammer  comes   into  play;  and     its    use 
ranges  from  the  dentist's  mallet  to  the 
driving  of  drift-bolts  and  railroad  spikes. 
The  air-drill  or  reamer,  in  which  a  most 
ingenious      three-cylinder      arrangement 
gives  the  tool  a  rotary  motion,  is.  next  to 
the  hammer,  the  best  kntnvn  of  the  pneu- 
matic tools.      Its   uses  are  almost    ii'--- 
berless.     It  is  employed  on  metal,  si 
an«l    wood     work.    A    pneumatic    drill, 
weighing  but  fifteen  prnrnds.  will  bore  a 
_''..-inch  hole  through  5  inches  of  good 
oak   in   less  than   20  seconds.     Like  the 
hammer,  the  air-drill    is    portable;  and 
its  motor  is  also  used  to  ■ 

turntables,  jib  cranes,  and  ■ 

In  one  of  the  big  railroad  sliops.  com- 
l)rcssed  air  is  used  wherever  work  for  it 
can  be  fouufl.  Hn  the  floor  and  over- 
head, the  main  supply-pipes  run.  and 
rubber  hose  and  pi{)es  curl  and  twist  in 
all  directions.  Here  are  men  chipping 
castings  with  the  pneumatic  hammer,  and 
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Water  "Lifted"  bv  Compressed  Air. 

near  them  a  man  is  cleaning  a  new  cast- 
ing with  the  sand  blast.  Pneumatic  hoists 
hft  wheels  into  wheel  lathes;  hoist  axles 
into  the  cut-off  lathe ;  handle  cylinders  in 
a  large  boring  mill  and  planer ;  raise 
chucks,  face-plates,  and  other  heavy 
work ;  and  otlier  forms  of  pneumatic  ma- 
chinery press  on  driving  wheels  and 
axles,  face  valves,  bore  out  cylinders,  ap- 
ply driving  brakes  to  old  engines,  run  the 
foundry  elevator,  sandpaper  box  cars,  put 
stay-bolts  in  fire-boxes,  calk  flues  and 
boilers,  take  the  engines  in  and  out  of 
roundhouses,  blow  out  the  engines,  op- 
erate the  transfer  table  at  the  round- 
house, lift  w^ater  to  the  tank  on  top  of  the 
tower,  cut  off  old  air-brake  hose,  and  do 
a  hundred  and  one  other  things. 

Not  only  do  wood  and  iron  workers 
find  compressed  air  a  w^illing  and  effect- 
ive aid,  but  stone  masons,  architectural 
stone  carvers,  and  granite  facers  find 
pneumatic  tools  most  serviceable.  Such 
tools  have  simply  to  be  held  up  to  the 
face  of  the  work  while  the  oscillating  or 
reciprocating  piston  within,  which  per- 
forms the  function  of  the  hammer  set 
in  motion  by  the  compressed  air,  does  the 
rest.  The  painter's  trade  also  has  been 
invaded  by  this  versatile  form  of  energy. 
With  a  pneumatic  sprayer,  freight 
cars,  houses,  the  running  gear  of  cars, 
bridges — any  surface,  in  fact,  to  be  coat- 
ed with  plain  colors — are  covered  with 
the  pigment  by  the  pneumatic  painter. 

The  air-lift  is  the  simplest  of  water- 
works.   A  pipe  is  let  down  into  a  well  or 


river ;  inside  this  pipe  are  other  pipes  for 
compressed  air ;  and  the  water  is  fairly 
lifted  from  the  deepest  of  wells  to  the 
surface.  Another  form  of  air-lift  is  used 
in  the  Stock  Yards.  After  the  cattle 
are  killed,  they  are  jerked  up  by  com- 
pressed-air portable  hoists  ;  and  in  rolling 
mills  the  steel  rails  are  lifted  from  the 
cooling  bed  by  similar  mechanism.  Acids 
which  would  eat  up  a  pump  are  raised 
from  vats  to  the  shipping  room  in  fac- 
tories by  compressed  air.  Sewage  wdiicli 
is  below  the  grade  of  the  sewers  is 
forced  to  the  proper  level  by  compressed 
air.  Impure  water  is  cleaned,  letters  are 
copied  in  the  letter  press,  elevator  signal 
bells  are  rung,  furnace  grates  are  shaken, 
sewing  machines  and  jewelers'  lathes  are 
run,  crude  oil  is  atomized  under  boilers, 
railroad  switches  are  thrown  and  railroad 


Diver  Using  Pneumatic  Tool. 


gates  opened,  grain  is  conveyed  and' 
cleaned,  the  pressure  of  natural  gas  is 
augmented,  railroad  track  signals  and 
block  systems  are  operated,  and  a  thou- 
sand and  one  other  things  of  wdiich  noth- 
ing is  ever  said  or  written  are  done  by 
compressed  air. 

And  every  day  the  pneumatic  engineer 
adds  another  duty  for  this  incomparable 
form  of  energy  to  perform. 


SIGNALS  A'    '     " 
Train  on  led  irack  Ua%  ju 
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A  Railroad's  Nerves 

Efficiency  of  the  Bluck  System  of  Ti-ain  Control  in  Ueducintf  Dantfcr  of 

Collisions  to  a  Mininnim 


THE  movement  of  passenger  ami 
freight  trains  over  American 
railways  is  performed  by  what  is 
generally  termed  "train  de- 
spatching. "  The  name  originates  from 
the  practice  of  issuing  orders  by  lele- 
L^raph  or  telephone,  which  must  he 
obeyed  by  the  engineer.  While  train  de- 
spatching is  still  the  general  custom  in 
the  United  States. other  systems  are  being 
substituted  for  it.  which  make  the  term 
a  misnomer  on  the  lines  where  the  new 
methods  have  been  adopted.  A  more 
appropriate  exi)ression  is  train  control, 
either  by  manual  tueans  or  automatically. 
It  is  generally  acknowledged  that  the 
safest  and  by  far  the  most  practicable 
method  of  train  control  is  by  utilizing 
signals,  relieving  the  engineer  and  cf)n- 
ductor  from  the  necessity  of  remember- 
ing orders.  These  signals  can  be  oper- 
ated I)y  hajid.  or  by  th.e  movement  of  the 
train  itself,  in  the  latter  case  electricity  or 
compressed  air  being  the  actuating  ele- 
ment. In  fact — it  may  be  said  here — 
the  mechanical  systems  which  have  thus 
far  been  invented  in  the  L'nited  States 
are  acknowledged  to  be  of  as  high  stand- 
ard as  any  in  the  world,  although  as  yet 
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only  a  com|)arativcly  small  milonc  "f 
line  is  operated  by  means  of  tb  r 

to-day,  strange  as  it  may  seem,  ir.nns 
on  nearly  all  the  single-track  r.iilways  in 
this  country  are  still  hamlkd  under  the 
supervision  of  the  train  cjespatcher. 

To  the  ordinary  1  er.  th<  ii 

railroacl   signal   is   u.m.-.i  a  ]•"  >« 

the  train   rushes  al"nir.  he  n  '^ 


aj«f 


Block  Signals  Contkolliko 

or  V'-  ■■' 

Signals  operated  by  tl' 

trains  pass  vti  ^ 
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A  JERSEY  CITY  TERMINAL. 
Here  six  men,  with  electro-pneumatic  signals,  control  the  entire  service  on  ten  main  tracks,  exclusive  of  sidings 


standinj^  at  the  side  of  the  roadway, 
with  discs  or  slats  projectiiii^-  from  tlieni. 
Sometimes  the  slats  are  directly  at  right 
angles  with  the  posts ;  sometimes  they 
hang  obliquely  downward.  If  he  is  a 
close  observer,  he  may  notice  that  some 
of  the  slats  have  notched  edges,  while 
others  are  cut  off  squarely  at  the  ends. 
If  he  makes  an  inquiry  of  the  trainman, 
he  is  told  that  the  slats  are  semaphores ; 
but  this  explanation  does  not  explain. 
To  the  engineer,  however,  the  signals  are 
plain  as  the  print  on  the  page  of  an 
open  book.  As  he  passes  each  at  a  rate 
of  forty  or  fifty  miles  an  hour,  merely  a 
glance  from  the  cab  window  tells  him 
what  to  do  with  his  lever — to  stop,  run 
slowly,  or  continue  at  full  speed — that 
is,  if  the  line  is  divided  into  what  are 
called  "blocks."  It  is  not 
necessary  for  the  tele- 
graph wires  stretched 
from  end  to  end  of  the 
system  to  transmit  a 
single  message  to  any  of 
the  operatives,  regard- 
ing train  movements,  if 
the  block  system  is  in- 
stalled;  for  no  matter  if 
a  hundred  trains  daily 
are  passing  over  the 
road,  if  the  men  obey 
the  silent  orders  that  are 
given  by  the  semaphore 
or  lantern  signal,  collis- 
ions are  almost  impos- 
sible, and  danger  is  re- 
duced to  a  minimum. 


Block  System  Explained 

The  block  system  is  depended  upon 
throughout  Great  Britain  as  well  as  most 
of  Continental  Europe.  The  railway 
companies  in  the  United  States  which 
have  discarded  the  telegraph  message  in 
despatching,  also  utilize  it  to  a  consid- 
erable extent.  In  fact,  the  block  system 
is  recognized  as  the  safest  plan  for  hand- 
ling both  passenger  and  freight  trains. 
The  length  of  block  naturally  depends 
upon  the  traffic  passing  over  a  line,  and 
may  range  from  one  mile  to  five  or  six 
miles.  Each  block  is  separated  from 
those  adjacent  to  it  by  imaginary  lines, 
although  apparatus  has  been  devised 
whereby  the  ends  of  a  block  can  be  ac- 
tually disconnected  from  the  balance  of 
the  system,  making  a  switch,  so  that  it  is 
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•Pneumatic  System  on  a  Four-Track  Line. 
"".Train  on  third  track  has  set  home  and  distant  signals  at 
Danger"  as  it  passed  into  block. 
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I)liysically  impossil)le  fi)r  .1  train  t«^  ciitt-r 
upon  the  l)k)ck  when  it  is  occupitd  l)y 
aiiDtluT.  'riic  movements  of  the  trains 
are,  of  course,  controlled  entirely  by  the 
>ij;nals  placed  at  the  approach  to  each 
block  termiinis  an<l  at  the  terminus. 
\\  hether  thoe  si.L^nals  are  operated  by 
means  of  the  hand  lever,  the  electric  key, 
or  the  movement  of  the  train,  the  same 
i^eneral  method  of  procedure  is  followed 
on  railways  in  this  country.  To  explain 
clearly  the  operation  of  the  block  system, 
we  shall  take  the  six  lines  illustrated  in 
the  accompanyin.tj  diai,'ram.  On  examina- 
tion it  will  be  notecl  that  these  are  con- 


passed  the  overlap 


n. 


thi« 


1  r 


•,   lx-\oiid    tb. 


Ui   \t      ML'- 


nal  in  a<lvancc  ;  th'-     ■ ' 

"cleared" — set     at 
proachin).j  train,  as  ni 
but  will  otherwise  retnant 

The  use  of  the  overlap  '!■  •  - 
the  necessity  of  what  i>i  ••.t!!'<! 
taut  sij^nal"  on  the  bl> 
nal  set  at  a  certain  distant 


"I 


BLOCK  STA  I  loN  AT  ENTRANC 
Electro-pneumatic  scmapboret  in  buckcround, 

trolled  by  the  disc  or  the  semaphore  block 
sii^nals,  worked  electrically,  but  that  each 
one  presents  a  different  problem  of  train 
control.  In  fact  they  illustrate  the  many 
ways  in  which  the  block  plan  can  be 
varied  to  suit  the  needs  of  traffic. 

Take  line  I.  for  e.xatnple.  In  this  ar- 
rangement the  sii^nal  occupies  the  danj^er 
position  until  a  train  enters  the  block  in 
its  rear.  If  everythinj:^  is  safe  on  the 
block  and  section  or  "overlap"  just  ahea<l, 
it  assumes  the  clear  position,  at  "safety," 
which  it  retains  until  the  first  ])air  of 
wheels  passes  the  block  insulation  shown 

like  this — i ,  near  the  foot  of  the 

post :  whereupon  it  resumes  the  danger 
position,  and  holds  it  under  all  circum- 
stances until  the  last  pair  of  wheels  has 


K  TO  A  SKklES  OF  SS\  i  i  i  in  -^ 

,  with  holli'-  Kii.l  .!ixi  ,rii  •  i.  n  ,I-.  .  ri  ».imc  tii_»t. 

at  the  cnuaiice  I  .>  ui-.  block,  to  warn  the 
en}.jineer  ibaf  be  is  annroacbinij  the  lat 
ter. 

Train  .\.  bavinj^  passed  .S  1.  holds  it 
at  danj^'er  ;  but  as  it  has  entered  t'  '  r- 
ini;  section  nf  S  2,  and  nothing  n  s 

in  advant  is  found  in  the  clear  imj- 

.sition.     Train   i'».  havinj.,'  passe»I  into  the 
block  of   S  4.  holils  it.  a  '  as  .S  3. 

whose  block   ft  has  not  <  left,  nt 

<lan^er;    under   ordinary   cir 
S  5  should  be  in  the  clear 

there  is  no  train  in  ad- n 

this  case  there  is  n   Ii  n 

like  this ,  which   holds  S   ^ 

at  danger,  while  for  tbi-  <-7\\v' 

is  in   the  clear  po 

rangement  of  circuit  11  li  uic  :iiieiiup- 
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tioii  of  the  currcMit  in  tlic  block  inimedi-  cause,  although  the  track  may  be  unin- 

ately  in  tlie  rear  of  a  signal  which  first  terrujited  in  advance,  there  is  nothing  on 

tends  to  set  tlie  signal  at  safety.     This  the  block  immediately  in  its  rear  to  cause 

last   feature,  although   at  first  glance  it  it  to  assume  the  clear  position, 

seems  to  be  singular,  is  entirely  correct,  On  line  2,  the  arrangement  of  circuits 

since  it  is  die  danger  in  advance  of  a  sig-  dififers  from  that  just  described,  only  in 
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DIAGRAM  ILLUSTRATING  BLOCK  SYSTEM. 


nal  which  that  signal  is  supposed  to  indi- 
cate. Train  B,  accordingly,  pauses  upon 
reaching  S  5,  and,  after  waiting  a  cer- 
tain number  of  minutes,  proceeds  slowly 
through  the  blocked  section  until  it 
reaches  S  6.  when  its  course  is  clear.  S  7 
in  this  line  is  in  the  danger  position,  be- 


the  fact  that  the  signals  remain  in  the 
clear  position  at  all  times  when  there  is 
no  interruption  on  the  block  and  overlap 
immediately  in  advance.  Train  A,  hav- 
ing passed  S  i,  holds  it  at  danger,  and 
finds  S  2  at  clear,  because  train  B  has 
passed  out  of  the  section  which  controls 


.-/    R.tll.h'OAI' 
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as  aro  tli 

'I  is  .a 

- a<l  of  i    , 

A  has  pa-  i.  li 

tluT»fi)rc  iii.l.i;::^^  |1 
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that  siffiiai.     Train  R  now  occupies  Ih.iIi 
t)f  the  sections  that  control  S  ,^  anij  - 
and  it  therefore  holds  hoth  of  ihose  .  .^ 
nals  at  danj^^er ;  upon  reaching  S  5,  train 
I!  must  conic  to  a  stop,  for  the  signal  is 
at   dan<,'er.  owini^  to   the  presence  of  a 
broken  rail.  After  wailinj;  a  certain  nmn- 
her  of   niituites.   train    15   proceeds   can-      passed  out  eif  its  ten 
tiously  until  it  has  reached  S  Ck  when  it 
continues  under  the  assurance  of  a  clear   j 
sitjnal.     S  7  is  seen  to  he  in  the  clear  po- 
sition, rince.  as  already  stated,  the  pres- 
ence of  a  train  on  the  block  iinniediatelv 
iji  its  rear  is  not  necessarv  for  clearinj^ 
it  in  this  arraui^enient. 

I  nder  the  system  on  line  3.  the  ovcr- 
lappinjj;^  feature  has  been  abandoned,  but 
is  replaced  by  the  distant  siij;nals,  which    j 
are  located  between  i  .2(Xi  ainl  J.ooo  feet 
in     rear     of     the     home     si.y^nals.     uixVn    j 
whose  position  they  i)artially  depentl.     In 
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this  arranq'cment.  the  si.tjnals  keep  the 
daniC[er  position  imtil  a  train  enters  the 
section  inunediately  in  their  rear,  as  was 
<k scribed  in  line  I.  Train  A.  havint^ 
passed  D  i.  II  i.  and  1)  2.  holds  them  at 
danijer ;  but  since  the  clearing,''  section  <  f 
11  2  has  been  entered,  that  sij^nal  stands 
at  safety.  Train  W  has  entered  the  clear- 
iuij  section  of  1 )  5  and  II  5  :  but  a  broken 
rail  in  advance  of  them  holds  them  at 
danjjfcr.  for  which  reason  train  11  stoi)s 
upon  rcachin^f  1 1  5.  and  then  proceeds 
slowly  until  it  reaches  D  r»  and  II  '>. 
which  are  in  the  clear  position.  O  7  and 
1 1  7  naturally  stand  at  danc^er.  since  no 
train  has  entered  the  clearing:  section  in 
their  rear. 

The  siqfuals  shown  on  line  4  are  locat- 
ed the  same  with  reference  to  the  blocks 


5  arc  at  danj^er,  since  there  is  a  br 
rail  on  their  controllinj^  block.     I)  (*. 
I)  7.  and    II   7  are  clear,   for  the   ; 
ahead  is  intact  and  unoccupie.i 

(  )n  line  5  the  distai  d  is  p! 

directly    un<ler    a»i<l    on    uk    same 
with   the  next   hom<-   -ini.i!   in  tlie   t 
iibviatinjj  the  u.so  o: 
(  )n   this   line  tb' 
assume  the  clear  |" 
\u^  train.     Train  .\ 
and  is  afiproachiuK^  P 
cleared  II  2 :  but  D  t,  reii; 
iKcause  train  I'  ha-^  n<tt  pa 
block  in  atlvance  of  II  t.  ■ 
which  D  3  works.     It 
enjTfinecr  of  train   A. 

of  n  3.  that  ' '■ 

nnd  snrrd  is  ■ 


t  for  it. 

ds   are   caused   to 

1  . I. 
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DISC  AND  SEMAPHORE  SIGNALS  ON  FOUR-TRACK  ROAD. 
Worked  from  station  by  electro-pneumatic  method. 


has  found  D  5  at  caution,  for  H  5  is 
confronted  by  a  broken  rail :  but  H  4  was 
clear,  and  train  B  is  therefore  proceed- 
ing, the  engineer  thus  knowing  that  the 
next  block  is  clear,  but  that  he  may  find 
a  danger  signal  upon  reaching  H  5.  This 
proves  to  be  the  case ;  and  train  B  must 
stop,  wait  the  stated  length  of  time,  and 
then  proceed  slowly  until  another  clear 
signal  is  reached. 

The  arrangement  of  signals  on  line  6  is 
the  same  as  on  line  5  ;  but,  instead  of 
being  cleared  by  an  approaching  train, 


they  stand  ordinarily  in  the  clear  posi- 
tion, and  only  go  to  danger  in  the  pres- 
ence of  danger.  Train  A  holds  D  2,  H  i 
at  caution  and  danger,  but  finds  H  2 
clear.  The  reasons  for  this  are  obvious. 
D  3,  however,  being  controlled  by  H  3, 
is  at  caution,  for  train  B  occupies  the 
block  in  advance  of  H  3.  On  reaching 
D  6,  H  5,  train  B  comes  to  a  stop,  made 
necessary  by  the  presence  of  a  broken 
rail  in  advance  of  H  5  ;  after  a  pause, 
train  B  proceeds  slowly  until  it  reaches 
D  7,  H  6,  which  both  stand  in  the  clear 
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position,  and  consequently  show  that  at 

least   two   bl(X-ks   arc   clear   in   advance. 

The  methods  on  lines  i^  an<l  ')  are  tlmse 

adopted  jifenerally  on  douhle-track  lines. 

Trains  Can  Cuntrol  Themselves 

In  the  illustrations  cited,  the  sij^nals 
are  operated  entirely  by  movement  of  the 
trains.  The  ends  of  each  block  are  in- 
sulated by  means  of  some  non-con- 
ductine^  metal.  At  the  farther  end  of 
each  block,  is  placed  what  is  called  a 
"track  battery."  from  which  electric  cur- 
rent is  furnished,  which  is  carried  by 
wirinq-  to  the  sii^tials,  settinj^  them  at 
safety,  caution,  or  clanj^er,  as  the  case 
requires.    The  circuit  is  made  or  broken 


and   crossini^' 
supervision,      i  i. 

a    swiiehlM)ard.    \ 

wiri-s  with  all  tbr  mcd. 
means   of   ilu 
the   electric   ci:<.:.: 
and.  llinnt^dj  the  w 
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ment  ul  tije  signals,  i  b 
only  to  niovi'  the  Irver  ■ 
ton  coiuKClfd  with  a  .»>: 
instantlv  at  caution  or 
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ELECTRO-PNEUMATIC  SWITCHBOARD  IN  SIGNAL  STATION. 
The  map  of  the  tracks  (standine  uprieht)  shows  operator  which  siKnals  to  move. 


a  few  hundred  feet 

or  a   mile 

This  • 

be    t- 

c  a  1 1  y    aut<»matic, 

since      n  ally      n  o 

matnial 


merely  by  the  contact  of  the  forward 
or  rear  wheels  of  the  train  with  the  rail 
'•onnection. 

As  yet,  but  a  small  milcaj]^e  of  track 
has  been  c<|uipped  with  the  system  de- 
.scribed.  althouijh  liy  it  the  trains  literally 
guide  their  own  movements,  the  sit^^nals 
adjustinij  themselves  to  all  emergencies. 

Electro-Pneumatic  Control 

\\\  electro- pneumatic  system — manu- 
ally controlletl.  however — has  been  ex- 
tensively introduced  by  companies  who 
have  substituted  sisj^nals  for  the  train  de- 
spatcher.  In  this  method  the  sijLrnals  are 
set  by  operators  in  what  are  termed  the 
"siqfnal  towers," located  near  the  terminus 
of  each  block,  at  the  entrance  to  railwav 
yards   and  at  other  points  where  sidings 


f|Uirf«i.  .1 

crator  may  control 
the  traffic  on  a  .score  of  tracks.     In  i:u\. 

only    a    half-dozen    men    -  - '• '    •' 

direct  safely  the  train  i 

entrances  to  .some  of  the  stations  in  the 

great   cities   of   the  count' 

"handling"  150  trains  in  U 

alter  day,  without  the  slighf<-;t  n 

As  the  name  implies,  tl  n  elec- 

tro-pneumatic systrm  d' 
]irr^-irl   air  an<I  electri*    ^ 
MIC  '--ful  operation.    Tn 
explanation  of  the  api 
quire  more  space  than  can  be 
this  article,  since  there  are  S" 
rieties  of  it.    The  tistial  nntliod 
ing  the  semaphores  is  by  nu 
tons  actuated   by  a  flow  • 
air.    This  flow  is  of  coMr<;<    . 
tirelv  bv  the  valves,  which   in   turn  are 
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controlled  bv  the  electric  circuits  referred 
to.  In  employing:  tliis  plan,  the  supply 
of  air  required  is  conducted  through 
pipes,  from  air-compressors  located  at 
convenient  points. 

Manual  Lever  Control 

Another  method  of  moving  the  signals 
is  hv  means  of  hand  levers,  which  are 


from  the  lever,  can  be  manipulated  in  this 
way,  although  at  such  distance  consid- 
erable strength  is  required  because  of 
the  weight  of  the  wire  and  other  resist- 
ance which  must  be  overcome.  Usually 
a  miniature  model  of  the  tracks  is  placed 
above  the  lever  board.  On  this  model, 
is  indicated  every  post  operated  from  the 
station.     It  is  connected  with  the  lever 


Fit.  1. 


i^^- 


Fig.  1.  Fig.  2. 

STAFF  MACHINE  FOR  TRAIN  CONTROL. 
Staff  machine  as  it  appears  when  train  is  in  block,  with  staff  "locked."      By  turning  disc  and  lowering  staff  to 


slot  at  left,  staff  is  "unlocked"  and  can  be  removed.     Indicator  will  then  point  to 
Fig.  2.     Rear  view  of  staff  machine,  showing  mechanism. 


In. 


attached  to  wires  directly  fastened  to  the 
signals.  This  is  termed  the  "manual 
lever"  system,  and  is  also  extensively 
utilized  in  block  signaling  in  the  United 
States.  From  the  tower,  wires  extend  to 
each  of  the  semaphores  it  controls.  They 
are  usually  laid  in  conduits  to  protect 
them  from  the  weather  and  from  acci- 
dental breakage.  At  each  curve,  the 
wires  pass  over  pulleys  in  order  to  reduce 
the  friction.  In  the  signal  station,  the 
wires  lead  up  to  levers  arranged  in  a 
series.  By  pulling  or  pushing  the  lever 
handle,  the  semaphore  is  raised  or  low- 
ered.   Signals  at  a  distance  of  1,500  feet 


system  in  such  a  way  that,  when  a  certain 
handle  is  pulled,  the  signal  on  the  model 
corresponding  to  the  signal  connected 
with  the  lever  moves  at  the  same  time. 
This  shows  the  operator  that  the  signal 
has  been  set  correctlv,  and  that  the  line 
is  not  broken  or  otherwise  affected.  The 
electro-pneumatic  switchboard,  also,  has 
a  model  of  the  same  kind  serving  to 
check  the  work  of  the  operator. 

Train  Staff  System 

The  Chicago,  Milwaukee  &  St.  Paul 
Railway  crosses  the  Mississippi  river  on 
a  bridge  located  between  the  towns  of 


A    RAILROAD 


Savanna  in  Illinois  and  Salmla  in  Iowa. 
The  briilge  and  its  approaches  constitute 
a  block  three  miles  in  lenj^th,  which  is 
operated  entirely  by  what  is  known  as 
the  "train  .staff"  system.  Although  there 
is  but  one  track,  and  the  traffic  is  so 
heavy  that  50  trains  jniss  this  point  <laily. 
the  system,  which  has  been  in  r>peration 
for  several  years,  has  i^jiven  entire  satis- 
faction, accordinj::^  to  officials  of  the  com- 
paTiy. 

'Ihe  "statV  is  a  ratlical  dcpaiunc  M'mh 
the  usual  n-.etliods  of  train  oyilrol  in  this 
country,  althouj^h  it  has  been  a{U)pted 
very  extensively  abroad,  the  companies 
utilizini,'  either  a  stalT  or  what  is  known 
as  a  '"tabk-t."  The  line  is  divided  into 
sections  accordini^  U)  the  service  re- 
quired, and  between  the  ends  of  each  sec- 
tion is  located  the  statT  station.  The  staff 
in  common  use  in  this  country  is  the 
Union  tyi^c,  consistinjif  of  a  rod  six 
inches  lout;  and  less  than  one  inch  in  di- 
ameter. The  staffs  are  placed  in  a  re- 
ceptacle Avb.ich  w  ill  hold  as  many  as  may 
be  necessary.  The  receptacle  has  an  ap- 
erture in  its  face,  into  which  a  statT  can 
be  dropped  or  set  l)y  means  of  a  device 


>T->rrrit.-ir   :\\ 


\VT 


Stakk-Catching  Api'aratis  ox  Corner  of  Tj.nder 
Immediately  Back  of  Locomotive  Cab. 


Trais  ArrkoAcHiN'-.  I' 
Slaff  is  let  in  i»>»t  1 -. 

moved  by  an  electric  ririMiif.     The  cir 

cuit  extends  from  tb 

next  station,  and  is  i 

trol  of  the  operator  ... 

the   staff   machine   at    I 

under  the  control  of  tb 

station  beyond;  etc.     Win-ii 

ready  to  enter  a  block.  th<' 

the   nearest  station    ( .\ )    ^ 

trie   sij;nal   to   the  operator  at   tb 

station  (  which  we  sb;dl  call  1'  i.  t« 

tain  if  the  block  is  cl.  nr      If  !•■    • 

an  atVirmativc  sipna' 

to  the  o|)erator  at   !■ 

lease  a  staff.    The  op 

bv   movinj.,'^   a   levvr 

electric   circuit,  and 

chine,  as  it  is  ca' 

placed  in  a  "]> 

from    a    post 

which   the  enj^iu' 

train  can  take  it  b 

which    «»peral< 

that  u.sed  in  p 

As  soon  as 
the  operator  at  the 
.n  r..      The 

^   al  connected 
station  A  at  the  dar 
tricallv  locks  the  inacli  ^'-> 


an   .i 
til.- 
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otlK-r  staffs  can  l)c  removed.  When  tlie 
train  reaches  his  station,  the  engineer 
delivers  the  statT  to  liis  niacliine.  and,  if 
the  section  ahead  is  clear,  receives  a  staff, 
which  he  ilelivers  at  station  C.  Mean- 
while, signals  have  been  interchanged  be- 
tween I!  and  C  in  the  same  manner  as 
between  A  and  P>.  C  releasing  a  staff  at 
r.  in  the  manner  already  described. 
When  the  train  has  passed  out  of  the 
first  block,  the  operator  at  B  notifies  the 
one  at  A.  The  machine,  however,  re- 
mains locked  until  an.othef  train  is  ready 
to  enter  the  block,  when  A  signals  B  and 
the  staff  is  released. 

Tablet  System 

When  the  tablet  is  employed,  a  small 
metal  disc  is  delivered  automatically  to 


Delivering  Staff  to  Signal  Man  without 
Checkikg  Speed. 


the  engineer  in  place  of  the  staff.  But 
the  mechanism  for  receiving  and  deliver- 
ing in  both  instances  is  so  arranged  that 
trains  can  pass  from  one  block  to  another 
at  a  speed  ranging  from  forty  to  fifty 
miles  an  hour,  without  "slacking  up"  in 
order  to  receive  the  staff  or  tablet.  By 
this  method  the  operators  of  two  stations 
control  the  movement  of  each  train,  one 
checking  the  correctness  of  the  other's 


work.  This  mechanism  itself,  however, 
gives  a  double  warning  to  the  engineer, 
for  it  not  only  notifies  him  by  signal  of 
the  condition  of  the  track  ahead,  but 
compels  his  attention  to  this  condition  by 
the  exchange  of  the  tablet  or  staff.  As 
yet  it  has  merely  been  introduced  in  the 
United  States,  but  is  being  employed  on 
a  number  of  the  principal  lines  east  and 
west  of  the  ^Mississippi  river,  the  Chi- 
cago, Milwaukee  &  St.  Paul  forming  but 
one  illustration. 

It  is  interesting  to  note  that  the  orig- 
inal train  staff  was  placed  in  service 
nearly  fifty  years  ago  on  the  London  & 
Northw^estern  Railway  of  Great  Britain. 

The  Casualty  List 

At  present,  practically  all  of  the  rail- 
ways in  the  United  Kingdom  having  sin- 
gle track,  depend  upon  this  staff  system 
for  train  control.  This  fact  is  especially 
noteworthy  when  a  comparison  is  made 
between  the  number  and  character  of 
railway  disasters  in  Great  Britain  and  the 
record  in  the  United  States.  During  the 
year  1904,  nearly  4,000  railroad  em- 
ployees and  passengers  were  killed,  and 
over  50,000  injured  in  accidents,  in  this 
covmtry.  It  is  needless  to  say  that  a 
large  proportion  of  the  casualties  were 
caused  by  collisions.  During  a  single 
year  recently,  but  25  persons  were  killed 
and  769  injured  in  Great  Britain  and 
Ireland,  despite  the  fact  that  the  total 
number  of  passengers  transported,  ex- 
clusive of  comnuUers  and  other  suburban 
service,  was  over  one  billion,  compared 
w^th  about  750,000,000  in  the  United 
States.  British  authorities  ascribe  this  re- 
markably small  number  of  fatalities  and 
injuries  in  the  United  Kingdom  to  the 
fact  that  collisions  are  there  almost  un- 
knowm,  owing  to  the  efficacy  of  the 
block  system  and  the  use  of  visual  sig- 
nals entirely,  instead  of  the  telegraph  or 
the  telephone,  for  controlling  train  move- 
ments. As  yet,  less  than  30,000  miles 
out  of  225,000  miles  of  raihvay  operated 
by  steam  power  in  the  United  States,  are 
protected  by  the  block  system. 


Throa  linei  of  M 
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Modern  Power  and  Irrigation  Pipes 
of  California  Redwood 


By  hRANK  C.  HtKKINS 
Consuhinic  Electrical  Iini;ineer 


11  i>  not  cfcncrally  known  to  what  a 
j^rcat  extent  I  alifurnia  rt'dwooil 
stavc-pi|)cs  arc  used  in  the  Western 
States,  particularly  on  the  Pacific 
(  <iast.  for  irrij^ation  purposes  and  inininj^ 
and  domestic  water  sui)ply.  as  well  as 
for  conductors  for  hytlro-clectric  power 
stations.  The  accoinjianyinj^  illustrations 
show  examples  of  redwood  pipes  used  for 
these  purposes,  includin<;;^  two  4|/.-foot 
I>ipes  for  an  electric  power  plant ;  a  14- 
inch  i)ipe  supplyinij^  water  to  the  Soldier's 
Home  at  Santa  Monica,  ("al.  ;  and  a  48- 
inch  i)ipe  at  the  San  (jahriel  canyon  near 
Azusa.  Cal.,  installed  by  a  San  Francisco 
company. 

The  redwood  stave-pipes  arc  larjjely 
utilized  for  irric^ation  i)ur])oses,  for  con- 
ducting water  across  deep  canyons  and 
gorg^cs.  They  are  of  special  importance 
in  the  mountainous  districts  of  the  West 
for  hydraulic  engineering,  as  the  wood 


IS  lit^iiL  aiHi  (.a>uy  tr.'insporii'<i.  '' 

being  carried  on  the  backs  of  \\ 

I)urros.      This   wood,    which    i 

a<laj)ted  for  pipes  for  |)ower  puriK>scs  111 

these   rocky    regions,    weighs 

lbs.   for  each  board  ffH)t.  being 

tively  free  from  pitch,  knots,  a:  is. 

and  therefore  possessing  great  fHnvcr  «>f 

resistance    to    decay.      ('     ' 

ami  cast-iron  curves  are 

though  in  constructing  \' 

around  curves,  the  stavt 

fitted  together  an<I  then  p.ir. 

such    power   being   fiiKiM. 

necessary  to  cause  tin 

desired    shape.      Tin 

endwi.se  to  close  the  lnii: 

power  is  being  applieil. 

customarily  u.serl  forbrir. 

sized  pipe  into  proper  curv 

staves  being  made  in  <;hort 

tlie    rompleted    i>ii)f    Hn>  ^    1 
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Erkciinij  a  14-Inch  Redwood  Pipe. 

having;,  of  course,  long  radii  of  curves, 
that  of  a  9-foot  pipe  being  nearly  1,000 
feet,  while  for  a  pipe  one  foot  in  diameter 
the  radius  would  not  ordinarily  exceed 
130  feet.  Riveted  steel  elbows  are 
necessarv  for  very  sharp  curves  with  the 
larger   pipes,   although   cast-iron   elbows 


California  Redwood  Pipe  in  Trench. 

are  usually  satisfactory   for  the  smaller 
sizes. 

The  demand  for  California  redwood  is 


Inserting  Steel  Elbow  in  Line  of  48-Inch  Redwood  Pipe. 
San  Gabriel  Canyon,  near  Azusa,  northeast  of  Los  Angeles,  California. 


ver}-  large,  the  supply  coming 
chiefly  from  the  forest  regions 
in  the  vicinity  of  San  Fran- 
cisco Bay.  It  is  estimated  that 
the  present  rate  of  consump- 
tion is  about  250  million  feet 
per  year,  and  that  there  are 
nearly  half  a  million  acres  of 
redw^ood   forest  in   Humboldt 


T!IF  U'i^PD 


County  contniningf  about  50  Million  feet 
of  this  material,  which  will  last  at  this 
rate  about  200  years. 

A  water-pipe  of  California  retlwood 
for  the  hydro-electric  station  at  Cornell 
I'niversity.  was  installed  at  Ithaca.  N'.  ^'.. 
havin}^  a  diameter  of  about  five  feet ;  and 
it  is  stated  that  many  miles  of  redwood 
pipe  have  bicii  usrd  in  the  East  for 
various  systems  of  domestic  water  sup- 
ply. More  than  loo.txx)  feet  of  this  pipe. 
2.5    feet   in    diameter,    was    utilized    at 


l.yncliburg-.  \'a.,  for  the  water  •>\\\aA\  <'f 
that  city.    This  wo<j(1  is  aho  '  1 

tor  st'-' <  ...t  ^  for  mini-  ■.      v>- 

tic  pui  r  water,  u  1  oil.   A 

number   of   tanks   arc   in    use   havincr  a 
heii,dit  tit  _>o  feet  and  a  dia 

about  ^•j-   I..  I.  holding  over  loo.ijtju  j;ai 
Ions. 

riie   accompanyinjT   illustrntion>i  show 
the  method  of  constru'  red- 

wood pipes.  *^-    '   •■••  ' 

b\'  bands. and  .     .    .     :. 


^ 


The  Word 


/^         I'.AKTIl!  thou  hasi  imi  any  wmu  liial  IjIuws 

^^"^ ^        Which  is  not  music ;  every  weed  of  thine, 

QJ  And  every  humble  hedgerow   flower  thai  grows, 

Tn-ssed  rightly,  flows  in  aromatic  wine; 
.^nd  every  little  brown  bird  that  doth  sing, 

Hath  something  greater  than  itself,  and  bears 
A  living  word  to  every  living  thing, 

Though  it  may  hold  the  message  unawares. 


All  shapes  and  sounds  have  something  which  is  not 
Of  them.     A  spirit  broods  amid  the  grass ; 

Vague  outlines  of  the  everlasting  thought 
Lie  in  the  melting  shadows  as  they  pass ; 

The  touch  of  an  eternal  presence  thrills 

The  fringes  of  the  sunsets  and  the  hills. 

— Richard    Realf. 
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PILP  MILL  AT  MILLINOCKKT.  MAIM- 


Making  Paper  in  the  North  Woods 

A  Wilderness  Transformed  by  the  Pulp  Industry 


By    WINTHROP  PACKARD 

Boston  Correspondent,  Thk  Tkciinical  World 


IF  yon  would  see  what  a  modern 
paper  mill  does  to  a  howliiii;:  wil- 
derness, you  should  go  to  Milli- 
noeket,  Maine.  Ahout  all  that 
happens  in  one  of  the  sudilen  towns  of 
•ir  fjreat  West,  where  to-day  is  a  desert 
tind  to-morrow  is  a  hustlin.s^  city  clamor- 
ous with  all  the  api)liances  of  civilization, 
came  to  the  heart  of  the  Maine  woods  a 
few  years  a.£ro. 

When  the  thin.c;'  hapjicned.  you  could 
have  found  in  the  tnwnshiji  of  Milli- 
nocket  but  one  farm-house,  four  iiihabi- 
tants.  and  a  wild  wreck  of  what  had  once 
been  wilderness  but  had  been  devastated 
by  forest  fires  till  little  but  charred 
stumps  and  bramble  tan.c^le  remained. 
Men  came  to  Millinockct.  however,  who 
could  sec  other  thinq^s.  They  knew  the 
vast  stretch  of  spruce  land  which  follows 
the  Penobscot  northward  for  a  hundred 
miles,  bordering-  lakes  that  hold  micrhty 
waters  in  store.  They  saw  the  druji 
from  the  Penobscot  banks  to  the  Milli- 


Editor's  Note.— In  a  subsequent  article,  Mr.  Wm.  R. 
Stewart  will  describe  in  detail  the  "finishing"  processes 
in  paper-making. 


nocket  stream  a  mile  away.  This  drop 
meant  that  the  Penobscot  waters  might 
flow  through  mighty  pe-nstocks,  with  a 
head  of  a  hun<lred  feet,  if  the  penstocks 
were  placed  there.  These  men  knew 
where  millions  might  be  had  for  enter- 
prise. Unlimited  water  ]V)wer.  mdiin- 
ited  spruce,  and  an  almost  unlimitrtl  |)ulp 
mill,  were  the  cards  on  which  they  staketl 
this  money;  and  tlu-y  put  in  three  mil- 
lions before  they  drew  ""'  m  t-.:mi  .,f 
paper. 


Lumber  Crew  and   1  hkik  .\r  v>i.i   I.uilt  Dam. 
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TOWN  OF  MILLINOCKET,  MAINE. 
Under  the  shadow  of  Mount  Katahdin.— Owes  its  existence  exclusively  to  the  paper  industry. 


After  the  game  was  fairly  opened, 
liowever,  they  drew  out  250  tons  of  it 
every  single  day ;  and  the  play  still  goes 
on,  day  and  night  and  Sundays,  for  no 
great  paper  mill  stops  for  anything  short 
of  disaster.  To  stop  for  twenty-four 
hours  means  to  lose  the  profits  of  weeks. 

Eight  hundred  men  went  to  work  in 
this  mill  on  eight-hour  shifts.  Store- 
keepers followed,  school  teachers,  phy- 
sicians, lawyers,  ministers,  and — one  may 
dare  to  say — politicians  and  labor  lead- 
ers. And  bcliold !  A  "boom"  town  had 
sprung  u])  in  the  wilderness,  and  in  a 
conservative  New  England  State  at  that. 
It  is  thus  that  great  enterprises  come  into 
beinsf  nowadavs.    Instead  of  the  old-time 


slow  growth  from  modest  beginnings, 
we  have  the  elopement  of  capital  with 
opportunity,  and  a  fiat  city  comes  as  a 
wedding  gift  to  the  two.  To  the  wilder- 
ness about  the  new  pulp  mill  came  almost 
in  a  day,  one  might  say,  3,500  inhabi- 
tants ;  and  the  infant  city  boasts  twenty- 
three  stores,  four  churches,  high  and 
common  schools  ensconsed  in  a  $20,000 
school  building,  water  and  sewer  sys- 
tems, gas  and  electric  lights,  a  news- 
paper, aud  a  brass  band. 

Getting  the  Ra^v  >laterial 

The      foundation — indeed,      in      most 
cases,  the  entire   fabric — of  paper  now 
adays  is  spruce. 


The  thousands  of  tons 


CREW  OF  RIVER  DRIVERS  TAKING  THEIR  NOON  REST. 


.U.-/A7.V<7    P.\PI-.I<    /.V    Tlin    XOR'ni    /f"'"'s- 


ua'i 


'BOBBING"  SPRUCE  LOGS  DOWN  THE  MOUNTAIN 
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A  lULl'  MILL'S  WINTER  SUPPLY. 
Over  20,000,000  feet  of  spruce  logs. — The  largest  log  pile  in  the  world. 


of  news  and  book  paper  used  every  day 
are  but  spruce  trees,  chopped  down, 
chopped  up.  ground  up,  shredded,  cooked 
with  chemicals,  then  the  fibers  cunningly 
reassembled,  pressed,  dried,  and  calen- 
dered, and  rolled  into  the  endless  reams 
with  which  all  are  familiar.  Therefore 
a  mighty  paper  mill  must  have  for  its 
maintenance  an  endless  supply  of  spruce 
trees.  The  forest  w'hich  feeds  it  must  be 
so  vast  that  while  its  yearly  supply  is 
being  cut  on  one  portion  another  is  grow- 
ing an  equal  bulk  of  w^ood.  The  men 
who  cut  these  trees  go  into  the  woods  in 
August — September   at    the    latest — and 


Carrying  Rough  8-Foot  Stakes  to  the  Saws. 


have  their  cut  all  made  by  Christmas. 
Then  come  the  deep  snows  of  winter  ;  and 
the  work  of  hauling  the  cut  to  the  land- 
ing on  the  lake  or  river  ice  takes  up  the 
time  until  the  spring  freshets  loose  the 
fetters  of  ice  and  send  the  logs  whirling 
down  stream  to  the  mill.  This  does  not 
end  the  lumberman's  labors,  however. 
The  drive  is  the  most  strenuous  part  of 
them.  He  must  follow  the  logs  along 
the  swollen  streams,  turn  them  adrift 
where  they  haA'^e  stranded,  break  the  jams 
wdiere  millions  interlace  in  the  rapids, 
quite  literally  driving  them  to  their  des- 
tination much  as  the  plainsman  herds  cat- 
tle to  the  round-up. 

One  Mill's  Supply 

Sixty  million  feet  of  logs,  not  one 
less  than  a  foot  in  diameter  at  breast 
high  from  the  ground,  thus  come  down 
stream  yearly  to  feed  this  Millinocket 
mill.  A  territory  800  square  miles  in 
extent  supplies  the  cut,  and  strict  forestry 
methods  are  adopted  to  insure  the  an- 
nual supply.  The  mighty  procession  of 
logs  has  its  beginning  a  hundred  miles 
north  of  the  mill  in  the  very  depths  of 
the  wilderness  at  Chamberlain  Lake,  and, 
as  it  moves  in  majestic  procession  south- 
ward, receives  reinforcements  from  Ches- 
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imcook.  Ripofjcnus,  Anibajcjiis.  Peniad- 
unicook — lakes  less  difficult  of  navij^a- 
tiou  tlian  their  names — and  hundreds  of 
other  smaller  ponds  and  streams.  The 
cut  beji^ins  in  Auj^ust ;  the  loj^s  reach 
their  destination  the  followin«jf  June.  The 
tract  of  land  from  which  they  are  drawn 
is  mij^hty  ;  \et  if  you  stand  near  the  null 
and  see  the  loijs  piled  up  for  winter  use, 
twenty  million  feet  and  more  in  the  one 
lartjfesf  loqf  pile  in  the  world,  see  the 
stora.q^e  hasin  half  a  mile  square  frozen 
solid  with  lo.ijs,  and  see  the  mi.t,duy 
stream  of  them  that  floats  day  and  nij^ht 
continuously  into  the  devouriui^  jaws  of 
the  wood  room,  you  can  hut  wonder  if 
even  this  great  tract  of  forest  land  will 
hold  out  ac^ainst  so  ravenous  a  monster. 
Vet,  after  all,  the  very  best  jjuarantee 
of  its  maintenance  is  the  devourinij  pulp 
mill  which  sits  at  its  outlet  and  lets  no 
passing  log  escape  its  jaws.  The  fact 
that  a  three  million  dollar  mill  has  con- 
trol of  the  forest  and  is  depentlent  on  it 
fop  maintenance,  is  proof  that  it  will 
remain  in  all  its  primeval  splendor.  The 
foresight  and  business  judgment  which 
placed  the  mill  there  will  look  after  that. 
The  sportsman  and  the  lover  of  nature 
owe  this  debt  to  the  capitalist  manufact- 
urer. Paradoxical  as  it  may  seem,  he 
is  teaching  the  world  how  to  keep  its 
cake  and  eat  it  too ;  how  to  cut  away 
the  forests  and  keep  them  at  the  same 
lime. 


Grindkr  Roow. 
In  this  room,  the  blocks  are  (round  intu     t^iuuiiilwoud. 

Grinding  Up  Lotfs 

The  logs  gliile.  butt  to  toj),  into  the  mill 
as  fast  as  they  can  be  sent,  and  are  but 
little  manhandled  thereafter.  Machinery 
does  most  of  the  rest  of  it,  the  men  being 
present  merely  to  guide  and  oversee  the 
machines.  A  cradle  catches  each  log 
when  it  reaches  the  re(|uired  spot,  and 
passes  it  up  to  saws  which  cut  it  into 
eight-foot  lengths.  The  lengths  roll 
from  this  saw  to  a  moving  platform,  a 
carrier  which  sends  them  side  by  side  at 
right  angles  to  another  set  of  smaller 
saws  which  cut  them  again  into  bkKks 
a  foot  and  a-half  or  thereabouts  in 
length.  Here  another  carrier  seizes  them 
and  slides  them  along,  end  to  end.  to  the 
barker   room.     Here  the  block  is  grip- 
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■■  Barker"  Room  ok  a  Pulp  Mill. 
In  this  deparliiient.  the  bark  and  knots  are  planed  from  the  spruce  blocks 


pcd  by  an  cmlloss  chain,  which  rolls  it 
aj^ainst  a  i^reat  rcvolvinsj;  disc  carryiiifj 
]ilanin|;::-knivfs.  These  plane  bark  and 
knots  from  the  block  ;  and  while  a  blower 
whirls  the  chips  into  a  bin.  the  block 
drops  into  a  stream  which  carries  it,  with 
hundreds  of  others  made  clean  and  white 
bv  the  same  process  on  a  score  of  similar 
machines,  to  the  ,c:rinder  room,  or  to  the 
chipi)ers,  as  the  case  may  re(|uire. 

Here  in  the  makinj:::  of  paper  the  ways 
divide.  Two  inj^redients. both  made  from 
the  spruce  blocks,  go  in  varyinp^  propor- 
tiou  to  the  makinsj  of  various  grades  of 
paper.  The  blocks  which  go  to  the 
grinder  are  to  be  made  into  "ground- 
wood  ;"  those  which  pass  to  the  chipper 
are  for  '"sulphite."  The  groundwood  is 
filler ;     the     sulphite 

gives    the    long    fiber 

which      makes      the 

strength  of  the  pajuT. 
The     proportion      i  n 

good     newspa[)er      is 

75%    groundwood    to 
'  2^^'o     suli)hite.       The 

tale  of    the    ground- 
wood  is  soon  told.    In 

the  grinder  room,  the 

blocks  drop  into  a  cyl- 
inder  where    hydrau- 

1  i  c     pressure     holds 

them  against  a  coarse 

grindstone.      until, 

mixed  with   a  stream 

of  water,  thev  arc  re- 


pulp,  whio'-   -^ 

witli  the  St 
unseen  (iu< 
thai      I   ■ 

I  1 

substances,    leaving    the 
!ny   mass  in  a  tank 
.iwait   furtluT  onlcrs. 
In    the    chipper.    th<- 
blocks  receive  rather  ■'  ' 
ferent  nt.      1! 

the  eff'  .  .  .  •  pre^e:  \^ 

the    fiber,    and   the   ma 
bine's  output  is  a  mass 
hue  ' 

by  an ; ■  •■  t 

in  an  endless  streauj  to 
the  toj)  of  a  great  towtr 
in  which  are  the  digest- 
cr>.  These  are  enormous.  ui>right  cyl- 
inders built  of  steel  strong  enough  to 
withstand  the  pressure  of  several  atn 
l)heres.  and  lined  with  a  cement  which  is 
l)roof  against  acid.  Through  a  manhole 
at  the  top.  the  cylinders  arc  filled  with 
chilis. 

Work  for  the  Chemist 

Meanwhile,  in  another  part  of  the 
building,  strange  ingredients  are  being 
preinired  for  the  broth  which  is  to  be 
cooked  in  these  lofty  caldrons.  The 
beginning  of  the  brew  is  in  the  "helf 
room."  where,  in  long  rows  of  furnaces, 
sulphur  is  burne<l.  Sulphurous  acid  (  SO, 
in  the  nomenclature  of  the  chemists)  is 
the   result  of   this    burning.     Its    acrid 


duced    to    a    creamy 


Bei-t-Convevor  automatically  Tam.no  Chiis  to  Top  o»  Uiot»iB«  TowM- 
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"Digesters"  in  which  Pulp  is  Cooked. 

This  view  was  taken  in  a  smaller  mill  than  that  at  Millin- 

ockef.  in  the  latter  the  digesters  are  so  enclosed 

that  no  adequate  photograph  could  be  taken. 

fumes  arc  conducted  into  milk  of  lime, 
forming  the  sulphite  of  lime,  which  gives 
the  process  its  name.  Enough  of  the 
resulting  solution  is  pumped  into  the 
digester  to  cover  the  chips  well ;  it  is  then 
sealed  up,  and  steam  heat  applied  at  a 
temperature  of  300°  to  312°  F.  and  an 
internal  pressure  of  three  to  three  and  a- 


"  Hell  Room  "  of  a  Pulp  Mill. 
Here  sulphur  is  burned,  preparatory  to  making  sulphite. 


half  atmospheres.  From  time  to  time  the 
broth  is  tested  by  opening  a  valve  in 
the  digester  and  letting  a  sample  blow 
out.     The  minimum  time  for  cooking  is 


rarely   under  48  hours.     Often   it  takes 
longer. 

W'hen  the  process  is  complete,  the  fine 
white  fibers  of  the  spruce,  like  a  short 
staple  of  cotton  and  almost  silk-like  in 
their  texture,  have  been  separated  from 
all  extraneous  matter  by  the  solvent  ac- 
tion of  the  chemicals.  They  are  with- 
drawn from  the  digester,  automatically 
washed  and  screened,  and  the  result  is 
pure  sulj)hite. 

Where  the  Paper  Begins 

The  pure  sulphite  and  the  equally  clean 
groundwood  are  then  mixed  in  the  re- 
quired proportions  in  large  tanks,  whence 
tliey  flow  toward  the  great  automatic  ma- 
chine which  is  to  be  their  finish.  The 
level  stream,  flowing  with  perfect  accu- 
racy passes  first  over  cunningly  devised 


movmg 


screens  of 
between    carefully 
squeeze    out    more 


FouDRiNiER  Paper-Making  Machine. 

On  this  machine  the  paper  is  "finished"  by  passing  be- 
tween the  rollers  in  succession. 


metallic  screens,  which  thicken  the  flow, 
but  do  not  impede  it,  by  withdrawing 
surplus  water  from  beneath.  Next  it 
passes  onto  steadily 
felt,  which  send  it 
regulated   rolls   that 

water,  leaving  it  a  soft  sheet,  still  moist 
but  having  a  certain  coherency.  Slight 
as  this  tensile  strength  is,  it  is  enough 
to  hold  it  together  as  it  leaves  the  felt 
blanket  and  passes  between  steel  rolls 
heated  by  internal  steam,  which  still  fur- 
ther compact  its  fibers  by  pressure  and 
drive  off  moisture  by  heat.  Over  and 
under  these  rolls,  twenty-eight  of  them, 
the  machine  extending  fifty  or  sixty  feet 
down  a  long  room,  the  sheet  passes,  ever 
growing  drier,  firmer,  and  smoother,  till 
it  is  wound  upon  an  axis  at  the  end  of  the 
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iiiacliine.  a  perfect  sheet  of  news  or  hook 
paper  cut  in  such  wiilth  or  leiiy^th  as  the 
occasion  deiuands.  The  hirj^est  of  these 
rolls  are  ahoitt  J"  inches  in  (hanieter  and 
7  feet  in  len.i,'th.  representini::  a  sinpjle 
-heet   of  paper  S4   inches   in   witUh   aiul 


Such  is  the  story  of  the  spiwn-.  fr.", 
its  green  and  sappy  growth  on  ih< 
ridj^es   to   its     wllited     srpu'   '  li^c 

newspaper    roll.      The    w<.:..    th« 

spruce  a  large  deht.   Without  it,  our  sup- 
ply   of    white    pa|HT    wouhl    Ik-    far    less 


inanv  hundred  feet  long,  weighing  1.3CXD      ahundant  an«l  far  more  expensive  than  it 

to  1 ,4CX3  jKHUids.  is  now 


Maveny't  Youn  Feltl  Tlhiat 
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WENT  you  often  worn  gogfilos  of  blue, 
And,  seeing  Life's  sham  and  its  shame, 
Felt  it  was  all  a  big  scramble,  and  you 
Might  as  well  get  into  the  game? 


That  nothing  much  mattered  but  a  big  bunch  of  cash, 

And  the  man  who  was  good  was  a  jay, 
And  the  whole  blooming  country  wag  going  to  smash ; 

Haven't  you,  haven't  you  felt  that  way? 

Haven't  you  felt  it  was  hardly  worth  while 

To  try  to  live  up  to  your  best? 
And  haven't  you  smiled  a  cynical  smile— 

And  something  way  down  in  your  breast 
Whispered  Life  had  a  prize  that  was  higher  than  gold 

And  sweeter  than  fame  or  display? 
And  the  faith  that  had  slipped  took  a  brand-new  hold; 

Haven't  you,  haven't  you  felt  that  way? 

And  didn't  a  peace  come  near  that  was  far, 

And  urge  you  to  strive  toward  it  still? 
And  didn't  you  turn  your  face  to  a  star, 

And  didn't  you  say  :     "I  will !" 
And  weren't  you  stronger,  and  didn't  you  find 

The  world  was  better,  and  didn't  it  pay 
To  be  brave  and  patient  and  cheery  and  kind? 

Haven't  you.  haven't  you  felt  that  way? 

—  Maurice  Smiley,  in  Collier's  Weekly. 


Waves,  Rays,  and  Vibrations 


A  Layman's   Excursion   into   the   Now  Much   Explored  Field  of  Radial  Energy 


By  D.  McNICOL 

Teleiirapb  Department,  Northern  Pacific  Railway 


IX  recent  years  it  seems  that  nearly 
every  new  discovery  in  the  reahn 
of  physics  lias  had  to  do  with  waves 
or  rays,  generally  invisihle  and  in- 
tangihle.  And  those  who  have  not  had 
the  advantages  of  advanced  schooling, 
lind  it  difficult  to  comprehend  the  prin- 
ciples involved  in  these  various  discov- 
eries and  inventions. 

It  is  true  that  physicists  and  scientists 
have  several  times  changed  their  theories 
of  matter,  heat,  light,  electricity,  and 
magnetism  since  these  phenomena  were 
first  considered  scientifically ;  but  in  the 
light  of  the  very  latest  thought,  it  is  gen- 
erally conceded  that  the  all-embracing 
"wave  theory"  will  ultimately  lead  us  to 
a  common  explanation  of  the  phenomena 
of  chemistry,  optics,  spectrum  analysis, 
light,  electricity,  etc. 

Let  us  begin  by  considering  the  sim- 
plest kind  of  waves — those  with  which 
everybody  is  more  or  less  familiar : 

Water  Waves 

Let  us  suppose  that  the  horizontal  line 
A-B   (Fig.   i)   represents  the  surface  of 


B 

JL. 


Fig.  1. 

the  water  in  a  pond,  and  at  P  we  have 
suspended  a  small  platform,  say '  four 
feet  above  the  water,  and  on  the  platform 
we  place  B  a  round  piece  of  metal,  one 
inch  in  diameter  and  weighing  four 
ounces.  Here  we  have  definite  condi- 
tions :  a  ball  of  given  diameter,  given 
weight,  and  so  placed  that  it  may  be 
dropped  a  given  distance.  Now,  when 
the  ball  B  is  pushed  ofif  the  platform,  the 
former  falls  and  strikes  the  surface  of 
the  water  and  sinks  to  the  bottom.  But 
we  observe,  fui  dier,  that  the  surface  is  no 
longer  smooth,  being  broken  up  into  tiny 

(610) 


waves  spreading  out  in  all  directions 
away  from  the  point  where  the  metal  ball 
entered  the  water.  These  little  waves 
are  quite  regular  in  their  movements. 
We  observe  that  as  the  waves  first  to 
leave  the  center  progress  in  all  direc- 
tions, a  circle  is  formed  which  at  all 
times  is  a  true  circle.  This  fact  proves 
that  the  waves  are  traveling  in  all  di- 
rections at  the  same  rate  of  speed.  The 
distance  to  which  water  weaves  will 
travel,  is  quite  surprising,  especially 
when  we  consider  the  insignificant  force 
used  in  creating  them.  Now,  when  the 
water  in  the  reservoir  has  again  assumed 
a  smooth  surface,  we  may  repeat  the  op- 
eration, and  identical  results  will  follow\ 
In  fact,  were  w-e  to  repeat  the  experi- 
ment many  times  we  should  find  that  in 
each  instance  identical  results  would  be 
obtained  in  every  particular. 

Should  we,  however,  alter  one  or  more 
of  the  given  conditions  governing  the 
operation,  such  as  place  the  platform  at 
a  higher  or  lower  level,  make  use  of  a 
heavier  or  lighter  ball,  or  one  with 
greater  or  less  diameter,  we  should  then 
have  results  also  altered,  and  relatively 
dependent  upon  the  alterations  w'hich 
have  been  made  in  the  conditions.  For  in- 
stance, should  we  employ  a  ball  made  of 
heavier  metal  so  that  we  could  have  the 
same  weight  with  less  bulk,  we  should 
then  find  that  the  results  would  be  altered 
to  the  extent  that  the  waves  would  be 
shorter  and  less  persistent.  As  we  come 
to  the  consideration  of  waves  in  other 
media,  we  shall  notice  the  same  close 
relation  between  cause  and  efifect ;  and  in 
each  case  where  we.  have  control  of  the 
cause,  we  can  w'ith  certainty  and  accu- 
racy bring  about  the  result. 

Vibration  Frequencies  of  Various 
Phenomena 

Herewith  is  shown  a  scale  of  the  vi- 
bration frequencies  producing  dififerent 
phenomena : 


irAiTS.  R.tvs.  Axn  riHK.-nios's 
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VIBRATIONS   IN    AIR 

No.  PKR  SfXOND       rilENOMENA    PRODUCED 

lb Lowest  aiulible  soiukI. 

3J Lowest  imisic;ii  nutc. 


uS 


(couvcrsa- 


-5'. 

2,000 

4,000 

.^o.oou . 


Liglit  rays. 
}■  Ranj'c  of 
liiimaii  sight. 


.  Man's       voice 
tional). 
Woman's    voice    (conversa- 
tional). 
.  Highest  soprano  voice. 
.  Hiv;hest  musical   note  used. 
. .  Shrill  cry  of  a  I)at. 

40,000 Highest  aiulihle  somnl. 

VIBRATIONS  IN  ETIIF.R 
100  million.  .    .   1  leat   rays. 
2,^o  million.  .    .   Hertz   rays. 
100  hillioii   .  .    .  Infra-red  rays. 

400  hillixn Red 

Orange 
Yellow 
to  (Ireen 

Blue 
Indigo 

750  billion \'iolet 

2,000  billion.  . .   Actinit'riv- 
Trillions 

(probably).  .  Roentgen  ur  X  rays. 

Some  of  these  figfures  appear  to  be  ab- 
surdly stupeiulous.  At  first  siglit  one  is 
puzzled  to  know  how  it  ha.s  been  ])ossi- 
l)le  to  count  so  many  chstinct  hapi)cnin.<,'s 
in  one  second  as  liillions.  And  there  is 
the  (|uestion  of  the  rehitions  between  vi- 
Ijrations  and  waves. 

Sound  Waves 

As  far  as  sound  icairs  are  concerned, 
there  is  a  simple  method  of  coniputin.iij 
vibrations  and  measurinpf  wave-leni^^ths 
which  does  not  require  the  employment 
(if  advanced  matliematics.  Suppose  two 
wheels  set  up  as  shown  in  I'ii];'.  2.  in 
which  .1  is  a  (h'iviiijc;'  wheel  belted  to  a 
pulley  on  B,  which  latter  wheel  is  toothed 
and  has  its  a.xle  equi])ped  with  a  small 
speed-indicator.  If  wheel  A  is  equipi)ed 
with  a  handle,  a  hij^h  rate  of  rotation 
may  be  imparted  to  wheel  B.  If,  now, 
we  fasten  a  small  jiiece  of  tin  or  stiff 
oil-board  C  in  such  position  that  the 
teeth  of  wb.eel  B  can  strike  it.  we  can  in 
a  jjiven  time  administer  a  known  number 
of  shocks  to  the  card  C.  Suppo.se  there 
are  100  teeth  on  the  periphery  of  the 
wheel  B,  and  that  in  10  seconds'  time  the 
speed-indicator  shows  50  revolutions, 
then,  multiplying  50  by  100,  we  learn 
that  there  were  5,000  shocks  or  vibra- 
tions given  to  the  card  in  that  period  of 
time  (ten  seconds).  In  order  to  ascer- 
tain the  number  of  vibrations  made  by 
the  card  in  one  second,  we  divide  5,000 


by  10,  which  gives  500.    R.  - 
the  following  simple  forn 
obtained  to  .simplify  the  suluf. 
lems  of  this  kind  : 

If   /'  =  Niiml>cr  nf   xib*^  • 
•S'  =  Velocity  of  pro)>.'iKnt; 
length ;    then 


■  >nd; 
Wavc- 


Another  laciur  to  b-*  taken  niiu  c<»n- 
sideratioii,  is  tiie  constant  of  ir!  ■•■  f 
propagation.      It     has    been   del'  1 

that  sound  travels  thrcMtgh  air  (at  or- 
dinary temperatures)  at  the  rate  of  i.i  J5 
feet  per  .second,  so  that  in  the  case  just 


l-ICi.   -. 

referred  to,  where  the  card  was  made  to 
give  500  vibrations  per  second,  it  is  evi- 
<lent  that  any  person  stationed  within  a 
himdred  feet  or  so  of  the  card  would 
hear  a  low,  buzzing  somnl,  and  by  means 
of  our  formul.'e  we  can  rea<lily  tind  out 
what  we  wish  to  know  regarding  the 
sound  waves  produced. 

To  find  the  wave-length,  for  example,  wc  di- 
vide   the    velocity    ((,125)    by   the    n '    '    '^f 

vibrations  per  .second   (500)  ;  the  r«*^  ■.  s 

a  wave-length  of  2' 4   feet.     In  tl  iiaii- 

ner    we    may    determine    the     wa  „li     of 

sounds   given   out   by  a   tuning   fork  or  metal 

bell — simply  by  increasing  the  nt   ''-fl  of 

the  toothed   wheel   until   the  canl  out  a 

sound   at   the   same  pitch   as   the   Ull   <>i 
does  when   tapped. 

Another  thing  wc  learn  is  that  the 
speed  at  which  .sound  waves  travel 
through  air  is  tlependent  u|)on  the  tem- 
perature of  the  atmo.sphere.  It  has  been 
found  that  at  a  temperature  of  freezing. 
sound  travels  at  a  rate  of  i,o</i  feet  per 

second,  and  that  the  increase  in       '    

for     every     degree     (  <  niirr.'id. 
freezing  is  two  feet. 

With  this  knowledge  we  < 

late  tbr    '  

lightnii 

ing  a  storm   we   ■ 

and   our  stop-wat^ 

have    elapsed    between    seeing    the    liash    and 

hearing    the    thunder;    and    supp '^' ■•    <'"• 

temperature   of    the   atmosphere 

we   may   calculat< 

stance  traveled  at  '  ,        '" 

(=  1,130)  feet  a  second,     in  lour  secuiida,  wc 
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see  that  tlic  sound  waves  have  traveled  4.520 
feet,  which  proves  conclusively  that  the  flash 
of  lightning  we  saw  was  nearly  a  mile  away. 
The  fact  that  the  speed  of  light  is  about 
iS6,ooo  niiks  per  second,  makes  it  practicable 
for  us  to  consider  it  instantaneous  for  the  dis- 
tance of  a  mile,  so  that  we  see  the  lightning 
flash  as  soon  as  it  takes  place;  but  the  sound 
made  by  the  lightning  has  to  travel  through 
the  air  and  requires  an  appreciable  length  of 
time  to  reach  us. 

Sound  requires  matter  of  sensible  den- 
sity for  its  path.  In  the  following:  man- 
ner we  may  show  that  sound  waves  are 
impossible  in  a  vacuum  : 

Suppose  we  set  an  alarm  clock  to  ring  at  a 
certain  hour,  and  then  place  the  clock  in  a 
glass  vessel  or  globe,  and  with  an  air-pump 
exhaust  the  air  from  the  globe.  When  the 
time  arrives  for  the  alarm  to  sound,  we  shall 
see  through  the  glass  that  the  hammer  is 
pounding  away  at  the  gong,  but  we  hear  abso- 
lutely no  sound;  this  is  because  there  is  no 
air  in  the  vessel  to  be  acted  upon  by  the 
vibrating  sides  of  the  bell. 

General  characteristics  of  waves  in  any 
media,  concern  (i)  their  refrangihility, 
and  (2)  their  penctrativencss.  By  re- 
frangihility is  meant  the  tendency  of  the 
waves  to  be  deflected  upon  passing  into 
a  medium  sufficiently  dense  to  turn  them 
from  their  direct  course ;  and  penetra- 
tiveness  concerns  the  power  of  the  waves 
or  rays  to  pass  through  solid  matter. 

As  has  previously  been  stated,  sound 
waves  require  matter  of  substantial  con- 
sistency for  their  highway ;  they  cannot 
make  headway  in  a  vacuum,  but  make  a 
good  showing  in  air  or  other  matter  of 
sensible  density.  Should  you  place  your 
ear  close  to  the  end  of  a  long  rod  of  iron 
or  wood,  and  have  a  friend  scratch  with 
a  pin  the  opposite  end  of  the  rod,  you 
will  find  that  the  least  scratch  can  be 
plainly  heard,  not  through  the  air,  but 
through  the  material  of  which  the  rod  is 
made.  Again,  should  some  one  strike 
one  of  the  poles  in  a  telephone  or  tele- 
graph line  a  hard  blow  with  a  stick,  you 
could,  by  placing  your  ear  close  to  a  dis- 
tant pole  of  the  same  line,  hear  the  sound 
of  the  blow  transmitted  to  your  ear 
through  the  poles  and  connecting  wires, 
and  then,  a  second  or  so  afterw^ards,  hear 
the  sound  as  carried  to  your  ear  through 
the  air.  This  experiment  show^s  that 
sound  weaves  do  not  travel  as  fast 
through  air  as  they  do  through  solid 
matter.  And  while  this  is  true,  yet,  a 
vigorous  sound  wave  in  air  will  be  com- 


pletely stopped  in  its  progress  upon  ar- 
riving at  a  solid  obstacle.  The  solid  does 
not  take  up  and  relay  the  sound  wave 
arriving  through  the  air,  but  simply  ar- 
rests its  progress  and  declines  to  permit 
I)assage.  This  fact  is  worth  noting,  for 
there  are  other  kinds  of  weaves  which 
have  no  difficulty  in  getting  through 
solids.  Were  it  possible  for  sound  waves 
to  pass  through  wood,  brick,  iron,  etc., 
the  walls  would  surely  have  ears,  for  one 
could  stand  out  in  the  front  yard  and 
listen  to  what  the  folks  in  the  house  had 
to  talk  about.  And  just  think  what  life 
would  be  in  modern  city  flats ! 

In  regard  to  the  refrangihility  of  sound 
waves,  it  can  be  shown  that  they  are  de- 
flected from  solid  surfaces  very  much  in 
the  same  way  that  a  stream  of  water 
from  a  hose  nozzle  is  deflected  from  the 
face  of  a  brick  wall,  with  the  exception 
that  the  water,  being  subject  to  the  force 
of  gravity,  falls  to  the  ground  when  its 
force  is  reduced,  while  the  deflected" 
sound  weaves  continue  in  their  altered 
course  for  a  considerable  distance  from 
the  point  where  their  course  w^as 
changed.  This  fact  explains  the  phe- 
nomena of  the  echo  and  of  ventriloquism. 

We  have  to  remember  that  £0und  is  the 
sensation  produced  upon  the  organ  of 
hearing  by  vibrations  in  the  air.  When 
we  speak,  we  do  not  shoot  the  air  ex- 
pelled from  our  lungs,  into  the  ear  of 
the  listener ;  the  act  of  speaking  simply 
condenses  the  air  immediately  in  front 
of  the  mouth,  and  sets  it  into  vibration, 
thus  creating  sound  waves  wdiicli  travel 
out  in  every  direction  at  the  rate  of 
about  1,125  ^^6t  per  second.  By  lightly 
tapping  a  thin  glass  vessel,  we  set  its 
sides  in  vibration,  and  a  musical  sound  is 
produced.  If  the  vessel  is  a  large  one,  w'e 
can  plainly  see  the  vibratory  motion  of 
its  sides.  We  tap  a  small  table  bell ;  its 
sides  are  set  in  vibration,  which  causes 
condensation  and  rarefaction  of  the  sur- 
rounding air ;  and  our  sense  of  hearing, 
being  acted  upon  by  the  waves,  inter- 
prets them  as  sound.  The  fewer  the 
vibrations  per  second,  the  deeper  will  be 
the  sound  produced.  Increasing  the  fre- 
quency of  the  vibrations  increases  the 
shrillness  of  the  sound.  The  scale  of 
the  average  piano  begins  with  C,  of  32 
vibrations    per    second,    and    extends    to 
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\  ' '    '.  of  about  4.CXX)  vihratitnis  jut  scc- 
ii.l. 

Heat  Rays 

Rctcrring  aj^aiii  to  tlu-  scale  of  vil)ra- 
lioii  frc(|iiciiciL-s.  we  sec  that  next  in  or- 
der come  heat  rays.  W'c  are  ihjw 
tliroui^h  with  waves  in  air.  and  have  to 
deal  with  waves  in  the  ether. 

There  is  a  j^reat  tjap  between  40.001 
and  100.000.000;  but  we  should  not  c«>n 
lude  that  there  are  no  waves  produced 
by  the  interveninfj  vibrations.  Indeed,  it 
is  quite  probable  that  in  the  not  distant 
future  these  elusive  agents  will  be  bar 
essed  up  and  put  to  w«)rk.  if  indeed  the\ 
are  not  already  serviuf;^  us  without  our 
knowinc^  how. 

The  sources  of  heat  are  the  sun.  tin- 
tars,     and     mechanical     and     chemical 
forces.     The  molecules  of  the  sun  are  in 
rapid  vibration  ;  these  set  in  motion  ether 
waves,    which    go   out    in   all    directions 
from  the  heated  body  in  the  same  man- 
ner as  the  water  waves  and  sound  waves 
Mtreail  out  their  sources.     The  speed  at 
.hich  heat  rays  travel  is  the  same  as  in 
he  case  of  lii^ht    (  i8^').ooo  miles  a  sec- 
ind)  ;  and.  like  lit^ht  rays,  they  are  sub- 
ject to  rellection  and  refraction,  and  will 
travel  throuj^h  a  vacuum.  The  method  of 
computinpf   the   lenj^th   of   waves   in   the 
ither  is  more  complicated  than  the  sim- 
ple method  used   for  findinc:  the  len.i::th 
of  sounil  waves.     It  can  be  shown,  liow- 
■  ver,  that  heat  waves  are  very  short — a 
Muall  fraction  of  an  inch  in  lencjth. 

As  to  the  penctrativeness  of  heat  rays, 
little  need  be  said,  as  everyone  knows 
that  the  heat  rays  from  the  sun  pass 
throut,di  glass  with  very  little  loss  of 
intensity,  and  that  tlic  heat  from  the 
burning  coals  in  the  stove  passes  through 
mica,  iron,  and  steel  quite  easily.  1  f 
we  place  an  iron  poker  in  the  red-hot 
coals,  in  a  very  short  time  we  find  that 
the  end  of  the  poker  held  in  the  hand 
has  become  hot.  the  heat  having  trav- 
eled through  the  length  of  the  poker  by 
conduction.  It  may  also  be  shown  that 
heat  rays,  like  sound  waves,  can  be 
turned  out  of  their  straight  path.  and. 
although  lessened  in  intensity,  the  de- 
flected rays  will  continue  in  the  altered 
course  until  dissipated. 

The  following  experiment  shows  in  a  sinii' 
manner  how  heat  rays  from  a  burning  object 
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Hertz  Rays 

I'ollowing  heat  rays  in  onler  of  fre- 
quency, we  have  llcrtz  rays,  so  called 
in  honor  of  their  discoverer.  Tluso 
rays  result  from  vibrations  in  tl--  ■  t!i.  r 
at    the   tremendous   rate   of   .  > 

l)er  second.  The  characteristics  of  iieriz 
rays   are   practically   the   -  '      ■• 

of    waves   previously     desi....    y 

are  propagated  at  the  same  velocity  as 
light  and  heat  rays,  and  are  also  subject 
to  refraction.    In  one  i  •         •     • 

lar.   however.    Hertz   w i 

those  previously  dealt  with,  in  that  there 
are  a  great  many  solids  which  are  p 
trable  by  them,  even  after  th-  ' 

traveled  long  distances  from  I i 
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Fifi.  4  is  a  diagram  of  tlie  circuits  of  siicli  a 
coil,  ill  wliidi  /-•  is  tlic  primary  winding, 
through  whidi  the  current  from  the  hattery  B 
passes  when  tlie  key  A'  is  closed.  6"  is  the 
secondary  winding,  in  which  the  high  electro- 
motive fr)rce  is  induced.  The  knolis  A'  and  .\ 
are  the  hrass  terminals  of  the  secondary  cir- 
cuit, so  placed  that  they  are  held  a  fraction 
of  an  inch  apart.  When  the  key  is  closed  in 
the  primary  circuit,  the  current  is  transformed 
in   the   secondary   up   to   thousands   of   volts — 
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sufficient  to  make  the  electricity  jump  from 
one  brass  knob  to  the  other,  producing  a  spark 
which  sets  the  ether  in  motion.  This  motion 
is  communicated  to  the  surrounding  ether  in 
the  form  of  waves  which  travel  away  in  all 
directions  with  the  speed  of  light.  In  the 
primary  circuit  of  the  coil,  there  are  but  a 
few  feet  of  coarse  copper  wire,  while  in  the 
secondary  there  are  many  hundreds  of  feet  of 
very  fine,  thoroughly  insulated  wire.  Some 
of  the  larger  coils  have  miles  of  wire  in  the 
secondary  circuit,  and  are  so  powerful  that  the 
sparks  will  jump  across  a  gap  of  three  or  four 
feet. 

All  we  require  in  addition  to  the  arrange- 
ment shown,  is  a  means  of  radiation  for  the 
waves ;  and  this  may  be  obtained  by  attaching 
a  copper  wire  eight  or  ten  feet  in  length  to 
one  of  the  brass  knobs,  and  extending  this  wnre 
vertically,  either  by  attaching  the  upper  end  of 
it  to  a  hook  in  the  ceiling  of  a  room,  or  by 
means  of  a  light,  wooden  mast  of  equal  length. 

The  crux  of  this  experiment  lies  in 
the  fact  that  not  any  of  our  five  senses 
can  acquaint  us  with  the  presence  of 
Hertz  rays.  They  do  not  give  light, 
sound,  or  perceptible  heat ;  therefore  we 
must  devise  some  artificial  method  of 
detecting  their  presence.  Professor 
Branley  of  Paris,  and  others,  some  few 
years  ago,  discovered  that  Hertz  ravs 
have  the  property  of  making  small  par- 
ticles of  metal  weld  together ;  and  this 
fact  is  taken  advantage  of  in  the  con- 
struction of  a  wave-detector,  in  the  fol- 
lowing manner : 

In  Fig.  5,  5  is  a  battery  of  two  dry  cells, 
connected  by  wire  to  a  galvanometer  G  and  in 
series  with  a  "coherer"  C,  which  consists  of  a 
small  glass  tube  an  inch  or  so  in  length,  and 
one-eighth  of  an  inch  in  internal  diameter. 
In  the  ends  of  this  tube  are  inserted  the 
wires  us  shown,  a  small  space  being  left  be- 


tween the  ends  of  the  wires,  which  space  is 
♦illed  with  tuie  particles  of  metal— generally 
nickel,  or  silver,  or  a  mixture  of  both.  When 
the  wave  generator  is  started  up,  the  waves 
spread  out  in  space,  and  some  of  them  in  due 
course  come  to  the  coherer  C,  causing  the 
metal  particles  to  come  into  closer  contact, 
whereupon  the  electric  current  from  the  bat- 
tery is  enabled  to  pass  through,  close  the  cir- 
cuit, and  we  immediately  observe  that  the 
galvanometer  needle  has  been  deflected. 

It  is  of  course  obvious  that  we  may  place  in 
the  circuit  other  instruments  in  place  of  the 
galvanometer.  We  may,  for  instance,  insert 
a  telegraph  relay,  and  use  the  local  contact 
points  of  this  instrument  to  operate  circuits 
carrying  strong  currents  capable  of  operating 
any  small  machinery  wdiich  can  be  operated 
by   electric   power. 

Light  Rays 

According  to  the  scale,  light  rays  are 
produced  by  vibrations  in  the  ether  rang- 
ing from  400  billion  to  750  billion  per 
second.  The  lighter  red  rays  result  from 
vibrations  of  about  450,000,000,000  per 
second,  with  a  wave-length  of  .00069 
millimeter  ;  and  white  light,  750,000.000,- 
000  per  second,  with  a  wave-length  of 
.00039  "111''-  By  means  of  a  glass  prism, 
a  single  beam  of  light  can  be  shown  to 
consist  of  all  the  colors  of  the  spectrum 
in  the  following  order — red,  orange,  yel- 
low, green,  blue,  indigo,  and  violet.  The 
sensation  of  color  is  caused  l)v  the  reflec- 


FiG.  5. 

tion  of  these  colored  rays ;  an  object 
which  appears  red  to  our  eye,  reflects 
the  red  rays  of  light,  and  absorbs  the 
other  colors  of  the  list.  An  object  which 
appears  black,  absorbs  all  of  the  rays  and 
reflects  none  of  them ;  while  an  object 
which  appears  white  reflects  all  of  the 
rays  and  absorbs  none  of  them.  Light 
comes  from  the  sun  and  all  other  bodies 
which  are  self-luminous ;  is  propagated 
through  space  by  means  of  ether  waves 
traveling  at  the  rate  of  186,000  miles  per 
second.  Light  rays, arriving  at  the  surface 
of  any  body  of  matter,  may  be  absorbed, 
transmitted,  or  reflected.  If  the  surface 
of  such  body  be  rough,  the  irregularly 
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rctlcctcd  rays  make  it  possil)lc  tor  us  tn 
sec  the  ()l)jcct.  If.  however,  the  surface 
he  smooth  and  hij^dily  |H)hshe<l.  tlie  rays 
are  reflected  in  such  a  way  that  the  pol- 
ished surface  shows  an  iiuaj^e  of  the 
ohject  from  which  tlie  rays  proceed. 
W  hen  a  ray  of  lit^ht  enters  a  transparent 
hody  in  an  ohjique  directi<Mi.  the  ray  is  re- 
tlected  and  its  course  altered.  I'nlike 
Hertz  rays,  lij^^ht  rays  do  not  penetrate 
solids  to  any  g^rcat  extent.  The  rea.son 
for  this  is  that  the  leui^th  of  Yv^hX  rays 
is  ahout  the  same  as  the  si)acc  hctween 


rate  of  vibration  is  so  hiKh  f'  ■'  >  '      ••   -  - 
refer  \n  it  as  simply  trillitm 
are  a   form  <if   radiation  helievod  lo  l>c 
similar  In  the  etheric  vilirations  pHMJuc- 
iii}^  \\\l\M  rays,  heal  rays,  etc.     Tiu-y  arc 
produced   artificially    much    in    th«'   <^:\yy\v 
maimer  as  Hertz  rays,  with  th> 
that,  instead  of  allowing  the  hi;^li  Ui; 
electric  current   to   jump  across  an  .... 
jj^ap    between    two   brass   k'llls,    the    two 
wires  from  the  secon»lary  winclin^  of  the 
transformer   ctiiTare   le<l   to   the 
terminals  of  what  is  known  as  a  i  ; ^ 


Fig.  5.    \'akiols  I-orms  ok  Crookes  Tubes. 

the  atoms  of  a  solid,  ami  the  rays  are 
broken  up  on  the  surface.  When  Hertz 
rays  were  first  discovered,  it  was  ijen- 
erally  believed  that  they  were  in  nearly 
all  resijects  the  same  as  li^ht  rays,  with 
the  exception  that  the  Hertz  waves  were 
al)le  to  penetrate  solids.  Later  develop- 
ments, however,  show  that  there  are  a 
mmiber  of  important  characteristics  not 
common  to  them. 

Actinic  Rays 

The  actinic  rays,  or  chemically  active 
violet  rays,  are  still  further  down  the 
scale,  heins:  produced  by  vibrations  in 
the  ether  of  J.ooo  billion  per  second. 
The  source  of  these  rays  is  practically  the 
same  as  that  of  li.2:ht  rays,  and  their 
effects  are  principally  those  of  chemical 
decom]iosition. 

Roentgen  or  X  Rays 

In  the  case  of  Rocnt^^cn  ■>    A'  raxs.  tb 
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side  ut  I'lH.-  ul.jcct  to  be  portrayed;  and  the 
rays,  passing  thnnmh  the  object,  affect  the 
sensitive  pliotonrapliic  phite  except  ni  those 
parts  wliich  they  are  prevented  from  reachnig 
'by  the  metal,  glass,  or  other  nnpervious  ma- 
terial in  their  path.  A  silhouette  or  shadow 
picture  (called  a  "skiagraph,"  "radiograph, 
etc.)  is  the  result,  l-'ig.  6  shows  a  complete 
X-ray  coil  and  tube  ready  for  operation. 

It  is  of  course  a  long-  look  ahead,  but 
would  it  not  seem  in  the  direct  line  of  ad- 
vance to  suppose  that  some  day  we  shall 
discover  or  invent  means  whereby  it  will 
be  possible  to  al)sorb  and  store  sufficient 
light  during  the  daytime  to  supply  our 


given.  These  rays  are  also  from  the 
same  source  as  light  and  heat,  and  are 
of  very  short  wave-length.  It  was  Pro- 
fessor'r.ccquerel  who  first  discovered  the 
remarkable  radio-active  qualities  of 
uranium;  and  since  that  time  constant 
research  and  investigation  have  been  car- 
ried on  by  eminent  physicists  in  different 
countries',  from  which  very  gratifying  re- 
sults have  been  obtained. 

Radio-Active  Substances 

Pitchblende,  a  very  good  specimeii  of 
which  has  been  found  in  Colorado,  is  a 


FIG.  6.    COMPLETE  X-RAY  COIL  AND  CROOKES  TUBE  READY  FOR  OPERATION. 

The  instrument  at  the  right  is  a  "fluoroscope,"  used  for  viewing  shadow  pictures  of  concealed  objects,  as  the  bones  of 

the  hand,  coin  in  purse,  etc.    It  consists  of  a  pyramid  shaped  sighting  tube,  across  the  broad  end  of  which 

is  stretched  a  cardboard  screen  covered  with  crystals  of  tungstate  of  calcium  or  other 

substance   possessing   the   property  of  becoming   fluorescent  under  the 

action  of  X  rays,  z.  t:.of  converting  the  invisible  X  rays 

into  visible  light  rays. 


needs  during  the  hours  of  night ;  and  in 
a  similar  manner  to  collect  from  the 
excess  of  the  sun's  heat  rays  during 
warm  weather,  enough  to  enable  us  to 
supply  warmth  for  our  needs  during  cold 
seasons?  In  very  recent  years,  certain 
substances  have  been  discovered,  a  thor- 
ough knowledge  of  which  may  lead  us 
in  the  right  direction — such  as  thorium, 
polonium,  actinium  uranium,  and 
radium. 

Becquerel  Rays 

A  few  years  ago.  Prof.  Henri  Becque- 
rel discovered  certain  radiations  to  which 
the   name   of    Becquerel   rays   has   been 


compound  oxide  containing  about  80  per 
cent  of  uranium.  Following  Becquerel's 
discovery,  came  the  announcement,  in 
1898.  of  the  discovery  of  radium  by 
Professor  and  ^Madame  Curie  of  Paris, 
who  determined  that  the  Becquerel  rays 
from  polonium  were  much  stronger  than 
those  from  uranium.  The  former  in  a 
metallic  form  resembles  granulated 
nickel.  The  rays  emitted  by  polonium 
readily  pass  through  aluminum  and 
many  of  the  metals,  but  do  not  penetrate 
glass,  and,  strange  to  say,  are  stopped 
by  a  barrier  of  thin  paper.  Shortly  after 
the  discovery  of  polonium,  Professor  and 
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Madame  Curie  discovered  that  tin-  rays 
from  radium  are  capable  of  penetrating 
(|uartz,  lUioriile.  mica.  etc.  It  has  also 
hem  calculated  that  the  heat  rays  from 
radiuiu  are  sutticicntly  intense  to  melt, 
rvery  hour,  an  amount  of  ice  ecpial  in 
weij^ht  to  that  of  the  ratlium  employed. 
i.i}.,dit  rays  are  also  emitted  in  ahout  the 
-aine  proportion.  Radium  rays  are  gen- 
erally referred  to  as  the  alf^ha  rays  and 
the  beta'  rays.  The  former  possess  luany 
of  the  characteristics  of  X  rays,  inas- 
much as  they  are  readily  absorbed  and 
are  almost  entirely  cut  off  by  the  inter- 
position of  a  thin  screen  of  metal;  while 
the  beta  rays  have  a  longer  wave-length 
and  are  more  generally  penetrative  than 
the  alf'lia  rays ;  and  yet,  in  many  re- 
sjH-cts.  they  arc  similar  to  electrical 
i-athodc  rays,  which  latter  are  negatively 
charged  corpuscles  in  size  about  the  one- 
thousandth  part  of  an  atom  of  hydrogen, 
emitted  from  the  cathode  electrode  at  a 
speed  of  approximately  70.000  miles  a 
-econd.  As  to  the  penetrativeness  of 
radium  rays,  it  has  been  shown  that  they 
will  get  through  a  barrier  composed  of 
three  inches'  thickness  of  lead,  seven 
of   iron,   and   fifty-six   of  water. 

The  term  -'fluorescence"  has  been 
given  to  the  phenomena  manifested  by 
certain  substances  which  have  the  ])ro])- 
erty  of  absorbing  the  short,  invisible, 
ultra-violet  light  rays, and  lengthening  or 
magnifying  them  so  that  they  become 
visible  to  the  eye.  There  are  various 
-ubstances — such  as  tungstate  of  cal- 
cium— which  possess  this  quality  of 
transforming  invisible  into  visible  rays  by 


simply  slowing  <lown  the  vibration  r.-ite 
of  such  until  tliey  c<*nie  within  tli. 
given     for     the     visible     spcctruiu.     we 
must    not,    however,   confu-i     tin.  re  ,,  ,  ul 
substances        with        "pi 
riiosphorescence  is  observed  ui  > 
vegetation,     generally     in     s 

marshy  places.  an«l  the  light  r.: 1 

are  the  result  <if  slow  «Ucay  an<l  oxida 
tion   of  the    fungi.     The   application  of 
heat  to  such  phosphorescent   substances, 
will  very  rpiickly  stop  all  radiation. 

Referring  once  niorc  to  the  vibration 
scale  shown  at  the  beginning  of  this 
article,  we  ol)serve  that  there  is  a  ;  " 
gap    between     sound     waves    and  . 

rays;  and  it  might  here  be  stated  that  it 
is  probable  the  recently  discovered 
JUondlot's  A'  rays  will  be  found  to  come 
immediately  ahead  of  heat  rays,  as  the 
former  are  known  to  have  a  wave-length 
of  0.2  millinuter. 

In  considering  tiie  iiiiuic  nf  the  arts 
and  sciences,  it  is  interesting  to  remem- 
ber that  luusic,  both  vocal  and  instrumen- 
tal, is  simply  harmonious  arrangeiuent  of 
sound  waves;  antl  it  is  within  the  Ixnmds 
of  conservative  reasoning  for  us  to  l<Kik 
for  marvelous  advance  in  our  knowledge 
of  nature  as  soon  as  we  master  the  under- 
lying principles  of  all  wave  luotion.  If 
the  vibrations  missing  from  the  scale  are 
found  to  be  nuiuerically  consecutive,  and 
we  get  as  important  benefits  from  everv 
40.000  of  them  as  we  get  fn^n  tlv  :  ^) 
concerned  in  the  productioii  oi  ,  1. 
song,  laughter,  anfl  nuisic.  we  shall  in 
that  day  consider  obsolete  methods  which 
now  impress  us  as  being  right  up  to  date. 


Killing 

DON  T  worry  and  fret  and  stew,  my  dears, 
And  grumble  your  lives  away; 
Uon't  borrow  trouble,  and  cloud  your  years. 
And  chafe  till  your  hair  is  pray. 
For  it's  worry,  not  work,  that  kills. 
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The  Story  of  Goldfield 


Mining    Theories    Called  in  Question  by  Recent  Rich  Discoveries  in  the  State  of 

Nevada 


By  ELIHU  PALMER 

Editorial  Staff,  Denver  Republican 


THE  old  silver-producing  State  of 
Nevada,  after  having  been 
dormant  since  the  panic  of  1893 
and  the  subsequent  repeal  of  the 
Sherman  Silver  Purchase  Law  closed 
her  principal  mines,  is  experiencing  a 
revival  of  industry  as  a  result  of  remark- 
ably rich  gold  discoveries  on  her  desolate 
and  arid  plains.  Goldfield,  217  miles 
south  of  Reno,  is  in  the  heart  of  the  ter- 
ritory that  is  being  exploited,  which,  dur- 
ing a  period  of  less  than  two  years,  has 
}ielded  nearly  $5,000,000.  The  estimated 
aggregate  output  during  this  year  is  con- 
servatively placed  at  $7,000,000. 

The  camp  was  founded  in  1903  by  ten 
young  prospectors,  whose  bent  for  orig- 
inal research  led  them  onto  the  volcanic 
cones  and  ledges  which  dot  the  plain  for 
a  distance  of  100  miles  northeasterly  and 
southwesterly,  and  which  preceding 
groups  of  prospectors  ignored.  Geolog- 
ical writers  had  never  even  hinted  the 
possibility  of  gold  deposits  in  these  for- 
mations ;  and  until  the  precious  yellow 

{Gt8) 


metal  was  panned  from  silicified  quartz- 
porphyry  outcroppings,  the  ledges  and 
cones  that  are  now  marked  by  half  a 
dozen  of  Goldfield's  principal  producers 
were  unsuspected  of  hiding  the  vast 
treasures  they  contain. 

These  ores  are  phenomenally  rich  in 
the  one  metal ;  and  the  deposits  occur  un- 
der the  pecvdiar  condition  of  having  less 
of  the  silver  and  lead  afiinities  than  in 
any  other  region  of  this  character.  They 
are  of  sedimentary  origin,  bearing  acute 
traces  of  volcanic  action,  and  have  no 
counterpart  anywhere,  so  far  as  the  min- 
ing world  knows.  Having  been  discov- 
ered by  tenderfeet,  the  new  camp  has 
been  looked  upon  with  doubt  and  caution 
by  the  technically  educated  members  of 
the  mining  profession,  until  thorough 
investigations  could  be  made  ;  and  never- 
theless the  conditions  under  which  the 
gold  appears  continue  to  nonplus  even 
those  best  prepared  to  pass  opinions  on 
the  region  after  devoting  weeks  to  its 
studv  and  examination. 
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While  the  riches  are  pihnj:;:  "P  ft)r  the 
irigiiial  discoverers,  the  world  is  sendinj^ 
I  stream  of  new  blood,  new  capital,  and 
Its  best  talents  in  all  walks  i)f  life  into 
that  part  of  the  State,  for  which  a  p»>p- 
nlation  of  40.000  people  is  not  unreason- 
d)Iy  predicted  five  years  hence.  It  al- 
ready contains  about  8.000  peojile.  which 
is  growinj::^  at  a  rate  that  taxes  the  facili- 
ties for  handlinf:^  the  rush  of  both  hu- 
man and  material  freig^ht  destined  that 


wav 


The  deductions  of  the  best  posted  men 
are  that  the  plain  was  once  the  bottom 


porphyry  in  conglomerate  mass,  ^o;;  ^- 
times  there  is  silicificatiun,  but  at  uilicr 
times  none  whatever,  the  rich,  se<li- 
mentary  rock  bcinj;  soft  enough  l«>  criiNh 
in  the  hand>.  Tons  of  it,  |K»w<lcrcd  in 
the  blasting,  were  shipped  to  market  last 
summer  from  the  Juml)o  mine  in  tin 
cans,  meslu's  of  dosdv  wnvm  o'  '  ^. 

which  were  first  utilized  f-r  tr.i  ,  a- 
tion  purposes,  having    al  serious 

wa.ste  of  values.  This  ore  rcsemblc-tl  in 
a[»pcarance  red  oxide  of  iron.  A  sim- 
ilarly rich  ore  in  the  January  mine.  like- 
wise soft,  has  every  external  api)earance 
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TYPICAL  PROSPECTING  OUTFIT  ON  THE  SOUTHERN  NEVADA  DESERT. 


of  an  inland  sea:  and  this  conjecture  is      of  yellow  ochre.     .\  .^ 
not  unreasonable  to  science,  in  view  of      more  solid  ore  in  th''  ' 
the  lack  of  absolute  proof  that  the  gold      lends  the  first  impi 
so      largely      distributed      through      the      being  high-grade  tciiuiiiiiu. 
porphyritic   seams  in    the    ledges    couM 
have  been  placed  therein  by  any  other  of 
nature's  processes  than  precipitation  dur- 
ing countless  ages  antedating  the  crea- 
tion of  the  cones  and  ledges  in  which  the 
yellow   metal   is   founrl.      All   the  estab- 
lished theories  of  ore  deposition  are  ap- 
parently overturned  by    these    features. 
There  are  no  veins  or  lodes  or  contacts. 
The  crust  of  the  earth  appears  to  have 
opened  in  response  to  enormous  pressure 
from   below   during  the   seismic   period, 
and   admitted   a   filling    of    quartz    and 
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cipals  that  "'the  camp  is  too  young  to 
fonn  any  opinion  at  this  time  upon  its 
resources." 

The  first  discoverers  adopted  a  similar 
course,  having  made  no  effort  to  specu- 
late on  theories  of  how  the  gold-filled 
honanza  shoots  were  formed ;  and  fol- 
lowers of  the  first  stampede  into  the  dis- 
trict proceeded  in  like  manner  to  mine 
gold,  and  permit  others  to  diagnose  the 
natural  causes  which  produced  the  pe- 
culiar phenomena. 

All  the  mining  operations  have  pro- 
ceeded informally.  In  the  commence- 
ment, values  almost  rich  enough  to  ship 
were  extracted  from  the  surfaces  of  a  few 
of  the  properties.  Shipping  ores  dis- 
closed themselves  six  to  twenty  feet  be- 
low the  surface  of  the  wash,  which  is 
two  to  forty  feet  thick,  according  as  it 
rests  on  hillsides  or  in  gulches.  Up  to 
December  i,  1904,  the  first  five  mines  had 
yielded  $3,800,000,  their  period  of  pro- 
duction having  covered  twelve  months. 
The  total  expenditure  on  development  of 
these  properties,  was  less  than  $50,000 
in  the  aggregate.  With  one  exception, 
the  ore  was  hoisted  with  windlasses  and 
horse  whims  for  nine  months.  Until  last 
July,  none  of  the  mines  possessed  a  build- 
ing. Ore  shoots  once  secured  at  or  near 
the  surface,  they  were  followed  down- 
ward, the  average  values  being  $350  per 
ton  from  bodies  six  inches  to  eight  feet 
in  width.     At  316  feet  depth,  the  Jan- 


uary mine  showed  water,  and  the  ores 
assumed  sulphide  features,  without,  how- 
ever, losing  the  free-milling  amenability 
which  characterizes  all  the  ores  yet  found 
in  the  district.  None  of  the  workings 
has  yet  reached  400  feet  depth,  and  many 
technical  judges  of  mines  are  withhold- 
ing judgment  of  the  region  until  greater 
depth  shall  have  been  secured  in  one  or 
more  instances. 

Samples  of  the  ores  vary  very  greatly 
in  value  even  when  taken  from  the  same 
spot,  notwithstanding  that  surface  ap- 
pearances may  be  identical.  Sorting  for 
shipments  is  all  done  by  pannings  rather 
than  assays,  the  pan  tests  having  proven 
the  more  reliable.  ]\Iany  tons  that  car- 
ried average  values  of  $5,000  per  ton 
have  gone  to  the  smelters ;  bvit  the  con- 
stant eftort  to  raise  the  low  grades  and 
render  them  susceptible  of  shipment  800 
miles  by  rail  to  Salt  Lake  City,  besides 
bearing  the  twenty-five  mile  wagon  haul 
between  Goldfield  and  Tonopah,  has 
eclipsed  the  glory  which  many  high- 
grade  streaks  might  otherwise  have  en- 
joyed. 

The  five  older  mines  have  made  twen- 
ty-one men  worth  $50,000  each,  accord- 
ing to  local  financial  ratings ;  and  three 
of  the  pioneers  in  the  camp  are  in  the 
millionaire  class,  notwithstanding  each 
is  less  than  forty  years  of  age.  The  rich- 
est one  of  this  trio  is  not  yet  twenty- 
five  years  old.  Dozens  of  the  crowds 
who  went  there  during  the  fall  of  1903 
have  fortunes  of  $5,000  to  $10,000  each. 

Financial  rewards  came  to  some  in 
most  extraordinary  manner,  while  mis- 
fortune fell  to  the  lot  of  others  who  once 
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VIEW  AT  COMBINATION  MINE. 

The  sacked  ore  averages  ?:^)0  per  ton.-  Dumps  in  the  fore- 

Kioiiml  are  mill  ore  worth  $35  per  ton,  awail- 

ioK  construction  of  mill. 

had  within  their  j^rasp  the  full  favor  of 
the  "tickle  g-oddess."  The  undeveloped 
N'elvet  claim  was  crossed  by  a  roadway. 
In  the  dust  thereon,  a  weary- footed  pros- 
pector one  eveniui;  kicked  up  a  shining 
yellow  particle.  He  examined  it  closely, 
and  found  it  to  be  the  real  prize.  He 
examined  the  vicinity  at  once.  and.  se- 
curing a  panful,  washed  it  that  night. 
Restraining  his  excitement,  he  searched 
out  the  owners  of  the  claim  before  mid- 
nitrht.  and  secured  a  lease  on  terms  that 
the  lessors  considered  all  their  way.  for 
little  value  was  attached  to  the  ground, 
except  from  the  fact  that  it  was  "in  the 
mineral  belt."  Within  the  five  succeed- 
ing days  the  lessee  and  two  assistants 
shoveled  from  the  roadway  500  sacks  of 
dust  which  carried  gold  at  the  rate  of 
S^So  per  ton.  Its  base  was  oxidized  and 
pulverized  (|uartz-porphyry.  erodcfl  from 
the  outcropping  which  lay  just  beneath 
the  surface. 

In  July,  i<;04.  lessees  on  the  .Sandstorm 
claim  sank  a  shaft  thirty  feet  <lecp.  and 
failed  to  pan  the  rock  therefrom  closely, 
because  it  did  not  "look  good."  They 
did  not  think  it  was  worth  assaying, 
either,  and  after  one  of  the  occasional 
assays  was  secured,  they  grew  disheart- 
ened at  the  small  value  disclosed,  and 
abandoned  their  lease.  In  October,  an- 
other prospector  came  by  the  dum]).  rec- 
ognized merit  in  the  rock,  examined  it 
closely  in  the  pan.  found  it  worthy  of 
attention,  and  hastily  accpiired  a  lease  on 
the  property.  He  shipped  ])ractically  the 
entire  dump,  together  with  many  tons 
which  had  been  disclosed  in  the  bottom 


of  the  shaft  by  his  predeces.sors,  whicli 
carried  values  of  $15«)  each. 

An  expert  mining  engineer,  previously 
successful  in  other  camps,  encountered 
a  more  costly  stroke  of  ill- fortune  <jn  the 
Jumbo  than  any  other  unfortun.iti-  oper- 
ator. As  a  lessee,  he  sank  a  (xyUu}i  shaft, 
but.  not  iK'lieving  the  porphyritic  forma- 
tion through  which  his  miners  were 
working  to  be  gold-bearing,  he  failed  to 
assay  or  test  tlie  rock  in  the  pan.  and, 
becoming  disheartened,  surrendered  his 
lease,  i  wouldn't  give  you  a  cetit  f<»r 
a  hundred  acres  of  such  ground,"  he  re- 
marked to  the  owners.  .\t  that  time,  the 
Jumbo  territory  contained  but  one  pro- 
ducing- shaft,  while  there  are  nine  now  in 
ore.  Succeeding  lessees  (if  the  en 
gineer's  shaft,  found  that  the  porphyry 
on  the  dump  was  rich  enough  to  ship. 
and  sent  $ir>«.fxx)  worth  of  ore  out  of  the 
bottom  of  the  workings  up  '  t  IV- 
cemlier  I,  when  the  lease  e-- 

In  these  experiences  the  i  >(  the 

district  .secured  a  warning  against  negli- 
gent examinations  ot    ' 

ing  the  last     '^    '■ 

bonanzas  h.. 

<|uent  than  before,     l-.very  1 

hoisted  is  caret' 

and   lessees,   \\ 

constantly,  poi; 

porphyry  into  dust  ai 

with   watcl;' 

v^ ■■• 
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in  all   other   gold 
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A    QUARTZ-PORPHYRV   OUTCROPPING. 

tience  and  experience  are  exercised,  and 
are  needed  indeed,  because  dozens  of 
samples  may  be  crusbed  and  prove  ab- 
solutely barren,  wbile  the  next  one  tested 
may  show  values  running  into  thousands 
of  dollars  per  ton. 

Xo  ore  yielding  less  than  $ioo  per  ton 
could  be  shipped,  because  transportation 
charges  were  heavy  and  involved — up  to 
last  August — a  ninety-mile  haul  by 
wagon  over  the  arid  plain,  which  has  a 
surface  of  volcanic  ash  ofifering  scarcely 
any  resistance  to  weight,  and  also  im- 
posing the  most  heavy  traction  known. 
Twenty-two  horses  can  pull  but  13  tons 
loaded  on  two  wagons  havingf  six-inch 
tired  wheels.  These  freighting  outfits 
drag  also  of  necessity  a  two-wheeled  sup- 
ply cart  loaded  with  water  and  hay.  Nine 
days  were  required  to  make  the  round 
trip  from  Goldfield  to  the  railroad  at 
Sodaville.  A  railroad  now  extends  to 
Tonopah,  and  the  Goldfield  ores  are 
freighted  but  twenty-five  miles  by  wagon, 
the  time  required  being  twenty-four 
hours'  actual  travel,  the  slow  time  be- 
ing due  entirely  to  tiic  heavy  traction  on 
a  comparatively  level  ro  idwav. 

The  water  problem  at  first  seemed  an 
almost  insurmountable  barrier  to  the  de- 
velopment of  any  large  mining  enter- 
prises in  the  Goldfield  region.  Xo  sur- 
face stream  flows  within  a  hundred 
miles,  and  two  water  holes  or  "springs" 
in  the  vicinity  Avere  the  only  dependence 
for  several  months  succeeding  the  first 
rush  into  the  camp.  The  sinking  of  a 
few  surface  wells  then  proved  the  exist- 
ence of  a  vast  underflow  of  pure  water, 
which  promises  not  only  to  make  mining 
and  milling  practicable,  but  gradually  to 


transform  the  barren  soil  of  southwestern 
Xevada  into  an  agricultural  Eden,  feed- 
ing the  thousands  engaged  in  the  work 
of  developing  it  into  a  magnificently  pro- 
fitable financial  elysium.  The  altitude  is 
about  6,000  feet,  and  the  latitude  that  of 
St.  Louis.  The  summer  suns  are  con- 
ducive to  rapid  growth  of  all  vegetation 
when  the  soil  is  irrigated,  and  the  pos- 
sibilities for  profitable  irrigation  from 
wells  are  considered  unlimited.  Thirty- 
two  mountain  streams  flow  toward  the 
desert  from  each  side,  and  are  lost  in  the 
sands.  Investigations  show  that  the  un- 
derflow from  these  streams  travels  40 
to  150  feet  below  the  surface  quite  gen- 
erally, and  need  only  be  pumped  to  serve 
practically  in  every  sense  all  needs  of  the 
population  that  is  crowding  into  the 
region  at  the  rate  of  200  daily  through 
Salt  Lake  City  and  Reno. 

In  twenty  months  a  city  of  over  3,000 
has  gathered  at  Goldfield,  upon  a  site 
formerly  waterless  and  fuelless.  The 
town  is  lighted  by  electricity,  and  has  a 
waterworks  plant.  Of  these  accomplish- 
ments, X^evadans  are  proud  and  boast- 
ful. Lentil  four  years  ago,  they 
had  been  in  the  slough  of  financial 
despond,  since  the  panic  and  silver  agita- 
tion of  1893  and  1894  closed  all  the 
white-metal  producers  in  the  State.  In 
1894-95,  the  State  Legislature  petitioned 
California  and  LTah  to  annex-  X^evada 
unto  themselves,  because  revenues  suffi- 
cient for  maintaining  the  government  of 
the  crippled  commonwealth  were  impos- 
sible of  collection.  California  solons 
laughed  derisively  at  the  idea,  and  the 
Mormon  elders  declared  that  they  would 
not  take  X'^evada  as  a  gift  were  a  monev 


Sinking  a  Shaft  on  a  Ledge. 
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bonus  iiichulcd.     Almost  cvoryl)()(ly  left 
the  State  wlu)  coukl  j;:et  away. 

Ill  njoo,  discoveries  at  Tonopah  of 
hi.i,di-.Ura(le  silver-<^oUl  ores  created  a 
stampede  into  that  part  of  the  desert ;  ami 
a  cc.smopolitan  city  of  5.000  was  built 
there  ilurinsj  the  succeedinj:;:  four  years, 
with  a  part  of  the  $30.o<x).ooo  which 
these  mines  yielded  from  a  j^eolojjical 
formation  similar  to  that  of  the  old  Com- 
-tock  lode  at  \  ir.ijinia  City. 

Three  miles  to  the  west  of  Tonopah. 
is  (iold  Mountain.  Durinj^  these  four 
vears  of  Tonopah's  rajjid  o;rowth,  this 
vellow-colored  hill  or  cone  was  looked 
upon  as  merely  a  pile  of  barren  ijround  ; 
hut  after  similar-appearin.y;  cone-shai)e<l 
hills  had  been  found  j^old-bearin.i,^  at 
(loldfield.  Toiu.;)ah's  GoUl  Mountain  was 
prospected  and  found  to  be  rich  in  the 
vellow  metal.  In  the  identical  silicitied 
(|uartz-porphyry  seams  here  fillincj  the 
rents  of  the  earth's  crust,  are  storehouses 
of  w-ealth  which  thousands  of  prosjiect- 
ors,  as  recently  as  four  years  ap^o.  did 
not  recocj^nize.  Xew  men  secured  these 
jjolcondas,  which  are  yieldin.fj^  a  third  of 
the  Tonopah  output;  and  these  cruel  ro 


mances  of  the  district  ai'  .:--;-  ^o 

illustrate  the  fact  that  the  1  ,         d 

bv  mininjj  men  in  this  phenomenal  ^old 
country  must  depend  for  act|uirement  to 
a  ;.,'reat  extent  on  oritjinal  investipati«)n 
and  research.  These  attributes  i»)  the 
vounp:  men  who  discovered  Tonopah.  and 
especially  in  those  who  found  the  treas- 
ures first  at  ( ioldfield.  are  responsible  for 
the  rejuvenative  period  which  Nevada 
has  now  entered  upon,  and  which  prom- 
ises to  build  a  new  empire  in  the  j^reat 
I^outhwest. 


Play  a  ILiUle 

REST  a  little,  play  a  little, 
Sighs  and  tears  w'"    ■ 

Store  up  all  you're  abk 

Of  the  sunshine,  while  t' 
Pluck  the  flowers 

For  evening  conu  - 
Then  youMl  want  the  i 
Of  happy-hearted  n< 
—Philadci'  ' 
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AMERICAN  RAILWAY  APPLIANCE  EXPOSITION. 
Held  in  connection  with  the  International  Railway  Congress  in  Washington.  D.  C.-  Gei,eral  view  of  buildings 

from  top  of  Wood  l.TU-ton  riveter. 


International  Rail^vay  Congress 

Most  Notable  Convention  Since  Organization.— Exhibition  of 
Modern  Railv/ay  Appliances 


By  RICHARD  HAMILTON  BYRD 

Special  Correspondent,  The  Technical  World 


WITH  an  expenditure  of  some- 
thing over  one  million  dollars 
and  an  aggregate  increased 
business  amounting  to  a  good 
manv  times  this  sum,  the  various  manu- 
facturers who  participated  in  the  Inter- 
national Railway  Congress  exposition  at 
Washington,  May  3-13,  probably  con- 
sider that  the  railway  appliance  exhibits 
constituted  a  more  important  feature  of 
the  affair  than  the  deliberations  and  dis- 
cussions  for   which    the    Railwav   Con- 


Main  Exposition  Building. 


gress  itself  was  called.  Certainly  the 
practical  demonstrations  of  the  various 
manufacturers  attracted  much  more  pop- 
ular attention  in  Washington  than  did 
the  sessions  of  the  Congress  participated 
in  by  delegates  from  ever}^  civilized 
country. 

The  International  Railway  Congress  is 
a  body  of  note  ;  and  the  holding  of  this 
its  seventh  biennial  meeting,  at  Wash- 
ington, is  a  concession  and  a  tribute  to 
the  United  States.  The  first  session  was 
held  at  Brussels,  Bel- 
gium, in  1885,  attended 
by  delegates  represent- 
ing 30  countries.  The 
second  session  was  held 
at  ]\Iilan,  Italy,  where 
a  permanent  organiza- 
tion was  effected.  To 
the  third  session,  held 
in  Paris  in  1887,  came 
delegates  from  32  coun- 
tries. The  fourth  ses- 
sion, in  St.  Petersburg, 
was    smaller    in  attend- 
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ancc  than  tlic  previous  ones.  The 
tit'tli  session  was  held  in  Loudon  in  iS«>5. 
L'|>  to  this  time,  hut  Httle  interest  had 
been  taken  in  the  ori^auization  by  Ainer- 
can  railroads;  hut  of  the  ji)T,  dele;;ates 
atten«hu}^  the  luijj^Hsh  session.  47  were 
from  the  I'nited  States.  The  sixth  C"on- 
«j;ress.  heUl  in  I'aris.  far  outstripped  all 
previous  ones.  The  recent  cont^ress  in 
W'ashinj^ton  entertained  nearly  i.ooo 
delegates,  over  500  of 
whom  were  foreiijn  rep- 
reseiUatives.  and  was  hy 

far   the   most    important 

of    the    p;atlierinj;^s    thus 

far  held. 
Of  the  vast  number  of 

the   general   public    who 

ittended   the  exposition. 

probably   but    few   made 

distinctions  in  their  own 

minds  between  the  j^reat 

international      orc^aniza- 

tion  and  the  purely  com- 
mercial    adjunct     f  u  r  - 

nishe<l    by    the    railway 

-upply  trade.     The  Con- 

L,aess    is    composed,    as 

Mr.     rieor.c:e     W'estinc^- 

house    intimated    in    his 

felicitous  remarks  at  the 

openintj'  exercises,  of  an 

aiji^^re^^ation     of     c  o  n  - 

structive  fjiants,  the  men 

who     make     the     world 

move ;     their     problems 

are    creative,    vast    and 

far-reaching. 


halls   where  the  -^^     •   -     '    ''    • 

inspection  of  the 

lowed  hy  a  tour  of  the  I  nite<: 

the   larj^e   inunher   of    ' 

over  the  lea<liM),j  Anieru..,,  .,,,.. 

road,  and  an  exnnnnntion  of  the 

in  use  on  these  lines,  constituted  the  nicest 

valuable  |>art  of  the  ' 

seiisus    of    opinion    

there  were  over  ^^00  of  ihetn. 


Of  Great  Value 
to  Manufacturers 

The  exhibitions  of  the 
various     railway     api)liances,   while   not 
able    and     hiju;hly    impressive    to    prob 
majority 


GROUP  OF  NOTAULl..^  .\ 

From  left  to  right,  they  arc:  r,^ore«»  A.  Po«l,  rhaiiman 
Georue  Wcslir>i;lioiis<! ;   \!       ' 
Director  of   Kxhibii- 

Pavilion.   b>  .....>..i    ...».,..u..,    . 


and 
ablv      the 


of 


to 
the  foreijjn 
railway  delep^ates.  were  wholly  inci- 
dental to  the  great  problems  under 
discussion  at  the  sessions.  This  was  the 
first  session  of  the  Congress,  however, 
which  included  such  a  railway  appliance 
exhibit ;  and  it  is  held  by  some  that  in 
reality  this  innovation  constituted  its  most 
useful  feature — that  the  most  advantage- 
ous part  of  the  Congress  was  unofficial 
and  not  on  the  program  ;  and  that  the 
informal  exchange  of  opinion  outside  the 


least  l.CXX)  diflferent  devices,  all  <'f 
tical  demonstrative  value — w 
o[)portunity 
goods  to  in!' 
greater  thati 
position. 
Thr 

in  con 
was  tli 
ever  put 
cago  ' 
ing  a  I 
sive  < 
brand 
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Authority  was  granted  by  the  Federal 
Congress  to  use  the  Washington  Monu- 
ment Park,  and  some  idea  of  the  very 
considerable  ground  covered  by  this  ex- 
j)osition  of  a  month's  growth  can  be  had 
when  it  is  known  that  outside  of  the 
main  building,  which  itself  occupied  over 
2  LOGO  square  feet  of  space,  exclusive  of 
aisles  and  passageways,  700,000  square 
feet  of  space  was  taken  up  by  the  booths 
alone.  In  addition  to  this,  1,000  feet  of 
extra  railway  track  were  laid  for  the 
exhibition  of  the  locomotives  and  cars 
too  heavy  to  bring  onto  the  grounds. 
The  buildings  were  of  handsome  archi- 
tectural design,  were  painted  white,  and 
were  illuminated  with  thousands  of  elec- 
tric lights.  Both  the  electric  current  and 
the  steam  necessary  for  the  operation  of 
the  myriad  of  appliances  on  exhibition 
were  obtained  from  the  city  power  house 
opposite  the  grounds,  enabling  the  exhib- 
itors to  show  off  their  goods  to  advan- 
tage in  actual  working  condition.  The 
absence  of  all  cheap,  catchpenny  exhib- 
its, fakirs,  peanut  vendors,  and  mega- 
phone criers,  was  most  favorably  com- 
mented upon. 

European  railroads,  as  they  are  found 
to-day,  were  constructed,  in  almost  every 
instance,  to  provide  better  facilities  for 
transporting  traffic  than  those  already 
existing.  Our  big  American  roads  were 
financed,  built,  and  extended  for  the  pur- 
pose of  creating  traffic.  It  is  believed 
that  American  managers  are  learning 
useful  lessons  from  the  sound  conserva- 
tive policies  that  have  prevailed  in  En- 
gland and  Continental  countries.  On 
the  other  hand,  foreign  railroad  men  are 
realizing — and  it  is  thought  that  the  re- 
cent exhibition,  coupled  with  the  railroad 
tour  of  the  United  States  above  men- 
tioned, will  quicken  their  conclusions  — 
tb.at  they  must  adopt  many  of  the  lately 
despised  American  appliances  and  meth- 
ods, especially  if  they  are  to  establish 
profitable  railway  systems  in  South 
America,  Africa,  Asia,  and  Australia, 
where,  as  has  been  the  case  in  America, 
traffic  must  be  not  only  handled  but 
created. 

The  late  Congress  is  therefore  certain 
to  bring  a  vast  amount  of  business  to 
the  American  manufacturers  of  the  mul- 
titude of  railway  appliances. 
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NKW  YOKK  CENTRAL  "CONSOLIDATION"  LOCOMOTIVE. 
Equipped  wiih  modified  Walschaert  valve-Kcar,— WeiBht,  without  tender.  £3,000  pound*. 


Around  the  World  in  Seven  Seconds 

(  )iic  uf  the  most  unique  features  of  the 
exhibit  was  tlie  Hashing  of  a  time  si<;nal 
around  the  world.  This  occurred  the 
first  nij^ht  of  the  Conj^ress,  when,  with 
the  assistance  of  tlie  officials  of  the  (jov- 
ernmeiit  Xaval  ( )bservatory,  a  sij^nal 
traveled  around  the  globe,  its  ])ro<.,^ress 
In  ini^  watched  on  a  fjiij^antic  map  that 
had  been  erected  on  the  j^rounds.  This 
map  of  the  world  was  22  by  40  feet  in 
size,  aiul  showed  the  entire  earth's  sur- 
face, the  princijjal  cities  being  marked  by 
red  electric  lights.  After  11.15  i".  M.,  on 
May  3.  the  wires  on  the  world's  tele- 
graph lines  in  the  line  of  communication 
were  thrown  into  a  circuit,  and  at  mid- 
night an  operator  of  the  U.  S.  Naval 
<  )bservatory  started  the  signal.  As  this 
signal  reached  each  of  the  cities  shown 
on  the  map.  the  lamp  showing  its  location 
glowed  re<L  The  signals  were  sent  in 
accordance  with  the  system  by  which 
noon  signals  are  sent  throughout  the 
United  States,  and  the  earth's  circuit  of 
nearly  25,000  miles  was  completed  in 
seven  seconds.  The  foreign  delegates  of 
the  Tntcrnational  Congress  had  the  curi- 
ous experience  of  seeing  the  si"gnal  flash 
from  their  native  countries  on  a  boanf 
thousands  of  miles  away. 

To  Attract  Careless  Telegraphers 

In   the   main   building  was   shown   an 
electric   apparatus — the   first   appearance 


before  the  public — by  which,  wb< n  ii->  1 
by  chief  train  despatchers. 
along  the  line  may  be  attractetl  to  their 
instruments,  irrespective  of  their  ab- 
sence from  the  telegraph  room.  This 
instrument  consists  of  an  ordinary  Morse 
key  with  the  usual  sounder,  to  which  is 
attached   the   selective  call   .1'  nt. 

The  exhibit  showed  the  soun  .   ;  u|) 

with  apparatus    for    making    connection 
with    whistles,    bells,    buzzers,    electric 
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A  GROUP  OF  INTERESTING  BOOlHb. 
Stacks  in  background  are  of  power  station  which  furnished  electricity  and  steam  for  running  the  various  exhibits. 


lights,  etc.,  any  one  of  which  could  be 
placed  in  operation  by  the  despatcher, 
who,  after  having  given  the  regular  code 
call  to  the  operator  at  the  other  end  of 
the  line,  and  not  having  received  a  re- 
sponse, could  send  a  selective  call,  plac- 
ing the  device  in  operation.  After  re- 
ceiving a  response,  the  appliance  can  be 
placed  out  of  operation,  and  the  regular 
business  carried  on  over  the  same  wire 
and  through  the  same  instruments,  with- 
out interfering  with  the  bell,  whistle,  or 
light,  whatever  it  may  be,  at  the  oper- 
ator's desk. 


This  method  of  calling  delinquent  op- 
erators is  accomplished  by  means  of  a 
drum  around  which  are  placed  a  number 
of  small  pins  of  unequal  length,  the  drum 
being  rotated  when  the  distant  operator 
calls.  Speedy  calling  or  despatching,  as 
usually  practiced  by  experienced  operat- 
ors, allows  magnetically  operated  fingers 
to  pass  over  the  spaces  on  this  drum  ; 
but  a  slow,  steady  calling  of  the  selective 
number  puts  the  pins  into  engagement, 
and  thus  throws  into  circuit  the  current 
necessary  for  operating  the  bell,  drop, 
etc.     It  is,  as  the  manufacturers  state, 


SEMAPHORES  AND  SWITCHES  SHOWN  BY  THE  GENERAL  RAILWAY  SIGNAL  COMPANY. 
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(he  aiiplicatioii  of  tlir    N'aU-  key   idea  to 
the  Murse  sounder. 

Rail>\'ay  Rate  Question 

It  was  soiuetliiiig;'  of  a  coincidence  tliat 
this  International  L'on^ress  should  hold 
its  nicetin,i;  at  the  same  time  that  the  In- 
terstate Commerce  Committee  of  the 
I'nited  States  Senate  was  having  hear- 
in<,'s  on  the  ICsch-Townsenil  measure  i)ro- 
vi<ling  for  tjovernment  reijulation  of 
transportation  rates  ;  and  much  informa- 
lion  was  unotliciallv  sought  hv  railroad 


■  1  - 


national  courtesies,  anA  p-— ■   '   * 
tions,  it  is  proliahlc  that  hi  I 

liave  excited  unfavorable  cuminciit.     I  he 
Secretary,     however,     fairly    "took     ihc 

lireath"  of  the  several  hundred  rail 

men  present,  when,  after  a  short  pr« 
he  emphatically  declared  that  railway 
lej4:islation  in  America  nuist  come  ;  thai 
if  the  railway  men  of  the  countrv  were 
wise  they  wunhl  aid  and  not  hinder  it ; 
and  that  it  remained  with  the  railroads  to 
act  in  such  manner  that  the  st-ntinu-nt  of 
the  countrv  would  not  result  in  iniurv  to 


IIALDWIN  FOl'R-CVLINDER  BALANCKD-COMPOrND  I.r.' 
tiuili  for  Pennsylv.iiiia  Kailroaii.  — Weii;lit.  without  temler. 
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men  from  forei,i::n  delc.c^ates  familiar  with 
,Ll^overnment-owned  railroad  lines.  .\t 
the  banquet  which  the  Association  ten- 
dered to  the  delet^ates  on  May  9.  a  most 
interesting^  debate  occurrcfl  between  Sec- 
retary Taft  and  Mr.  Stuyvesant  l-'isb. 
President  of  the  American  Railway  As- 
sociation, and  President  of  the  Illinois 
Central  Railroad,  on  the  question  of  rail- 
way Icij^islation. 

Had  the  discussion  been  started  by  a 
man  of  less  caliber  than  the  Secretary  of 
War  on  an  occasion  where  business  was 
for  the  thne  laid  aside  and  the  speeches 
of  the  eveninsf  were  assumed  to  be  con- 
fined to  expressions  of  good  will,  inter- 


them.      Mr.    Taft   cxp'"-^-' 
strongly  opposed  to  n. 

"But."    he   s.Tid.   "you   cannot    run 
.-IS    ymi    run    .i    priv.ilc    1 
rc'spoiui    to    (!'«•    pulilir    ■!■ 
is  (lanpor 
K)W    the    I   . . 
will   rcmcily  1 

1 1 1 ; '  .  1  i  I  '  i   '.'■ 
PC.:''     . 

it    II    .;-■  ■■ 

p.lI.Tt.Tllll-. 

ni< 
in 

til- 
it      i.:v..       

away   from   tl 
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against  tlic  railroads  because  of  the  power  for 
evil  that  there  is  in  this  feeling.  I  am  the  last 
one  to  argue  in  favor  of  government  ownership. 
1  think  nothing  could  come  to  this  country  that 
would  be  so  unfortunate  in  its  effect  as  the 
government  ownership  of  steam  railroads.  And 
we  are  not  going  to  come  to  it,  but  we  may 
have  a  campaign  on  the  subject  which  will  do 
no  good  to  the  railroads. 

"It  is  true  that  the  railroads  have  been  guilty 
of  some  abuses,  and  I  say  this  because  I  have 
run  railroads  for  ten  years  in  court  as  a 
judge    r.nd    through    receivers.      And    it    was 


of  some  tribunal  which  shall  punish  that  dis- 
crimination, and  which  shall  give  every  man 
who  is  affected  unjustly  the  right  to  be  heard 
and  the  right  to  a  remedy  against  such  dis- 
crimination." 

President  Fisli  immediately  responded, 
to  the  effect  that  the  enforcement  of  pres- 
ent laws  would  remedy  all  existing  evils, 
but  strongly  maintained  that  the  making 
of  rates  and  the  fixing  of  profits  must  be 
left  to  the  railroad  corporations,  and  that 


OIL-BURNING  LOCOMOTIVE  OF  CONSOLIDATION  TYPE. 
Built  for  Southern  Pacific  Railway.— All  the  Southwestern  lines  now  use  engines  burning  crude  oil. 


mighty  hard  sometimes  to  get  receivers  who 
would'  not  cut  rates.  1  had  to  stand  them  up 
at  the  end  of  every  week  and  swear  them,  to 
be  sure ;  and  even  then  I  was  not  quite  sure 
that  they  were  not  cutting  rates. 

"Most  of  the  railroads  to-day  are  prosper- 
ous, and  when  they  are  prosperous  they  can 
obey  the  law ;  but  when  it  comes  to  a  question 
of  the  survival  of  the  fittest,  then  the  weakest 
begin  to  break  the  law,  and  that  leads  all  the 
others  in  the  same  direction.  What  we  want  is 
a  law  which  will  enable  the  railroads  that  wish 
to  obey  the  law  to  compel  the  others  to  do  so 
or  else  go  out  of  business.  I  heard  the  other 
night  a  speech  from  a  gentleman  whom  I  very 
much  admire,  an  old  friend  of  mine,  President 
Baer,  and  I  thought  his  tone,  his  attitude  to- 
ward regulation,  was  one  that  was  likely  to 
lead  the  railroads  into  a  position  from  which 
they  must  some  time  sorrowfully  retire.  The 
railroads  are  a  public  institution — an  institu- 
tion which  must  be  regulated  by  law.  You 
cannot  run  the  railroads  as  you  would  run  a 
private  business.  You  must  respond  to  public 
demands ;  and  if  there  is  danger  of  discrim 
ination,  then  you  must  allow  the  establishment 


the  investors  in  railroads  had  not  taken 
the  risks  and  chances  to  project  new  en- 
terprises with  the  idea  of  securing  a 
small  return  on  their  capital  ventured, 
such  as  they  could  have  secured  through 
investment  in  government  bonds  or  other 
certain  and  safe  securities. 

"The  common  law  is  ample,"  he  said.  "The 
present  Interstate  law  is  ample.  The  Elkins 
law  of  three  years  ago  furnished  the  specific 
means  of  carrying  the  other  laws  into  effect. 
These  things  can  be  stopped,  and  should  be 
stopped.  The  thing  we  lack  to-day  is  not  legis- 
lation, but  administration.  And  that  I  demand, 
we  demand,  not  merely  as  railroad  men,  officers 
of  railways — we  do  not  demand  it,  either,  be- 
cause we  are  stockholders,  as  many  of  us  are ; 
but  I  demand  it,  and  we  demand  it,  as  Ameri- 
can citizens,  because  we  have  the  right  to  de- 
mand that  these  laws  which  Congress  has 
passed  and  the  President  has  approved  be 
enforced,  and  be  enforced  without  fear  and 
without  favor  and  with  a  single  eye  to  carry- 
ing out  the  law." 


Parallel  Operation  of  Generators* 

Practical  Hints  on  an  Important  Prohloni  in  ilic  Manatfcment  of 
l)ynann»-tlcctric  Maihinory 


By  PROF.  F.  B.  CROCKtU.  M.  E..  Ph.  I). 
Head  o(  Department  of  Electrical  Euitinocriiiu,  Columbia  Untvertily 


Wlll-,.\  ruiiiiini;  p^cnerators  in 
parallel,  the  +  (positive  or 
])lus)  terminals  arc  connected 
together  or  to  the  same  line, 
and  the  —  (netjfative  or  minus)  terminals 
are  connected  tot;;ether  or  to  the  other 
line,  'ihe  currents  (amperes)  of  the  ma- 
chines are  thereliv  added,  hut  the  V..  M. 
I*",  (volts)  is  not  increased. 

The  chief  condition  for  the  runninc:  of 
j:^enerators  in  parallel  is  that  their  volt- 
aj^es  shall  be  equal,  hut  their  current  ca- 
pacities may  be  different.     I'Vjr  example 
— a  generator  producing  lo  amperes  may 
he  connected  to  another  generating   lOO 
amperes,  provided    the    voltages    agree. 
Parallel   working   is   therefore  suited   to 
constant-potential  circuits.     A  generator, 
to  be  connected  'in  parallel  with  others 
or  with  a  storage  battery,  must  first  be 
brought  up  to  its  jiropcr  speed.  E.  .M.  F., 
and  oilier  working  conditions;  otherwise 
it  will  short-circuit  the  system,  and  .might 
burn  out  its  armature.     Hence  it  .shouM 
not  be  connected  to  a  circuit  in  i>arallel 
with    others    until   its   voltage   has   been 
tested  and  found  to  be  equal  to,  or  slight- 
ly (not  over  I  or  2  per  cent)  greater  than, 
that  of  the  circuit.     If  the  voltage  of  the 
dynamo  is  less  than  that  of  the  circuit, 
the  current  will  flow  back  through  it  and 
cause  it  to  run  as  a  rriotor.     The  direc- 
tion of  rotation  is  the  same,  however,  if 
it   is  shunt-wound  ;  and   no  great   harm 
results   from   a   slight   di  (Terence  of  po- 
tential :  but   compound- wound   machines 
require  more  careful  handling.     Direct- 
current  dynamos  in  parallel  are  always 
slnmf-zi'oitnd  or  compound-wound. 

The   test    for   equal    voltages   may   be 
made  by  first  measuring  the  E.   M.   F. 
of  the  circuit  and  then  of  the  machine 
bv  one  voltmeter;  or  two  voltmeters.  on< 


comiected  to  each,  may  l)0  compared 
(  I'ig.  I )  ;  or  a  differential  voltmeter  may 
be  used.  .Another  method  is  to  connect 
the  dynamo  to  the  circuit  through  a  high 
resistance  and  a  galvanometer  ;  and  when 
the  latter  indicates  no  current,  it  shows 
that  the  voltage  of  the  dynamo  is  e(|u;il 
to  that  of  the  circuit.  A  rougher  and 
simpler  way  to  do  this  is  to  rai.se  the 
voltage  of  the  dynamo  until  its  "pilot- 
lamp"  or  other  lamp  fed  by  it,  is  fully 


hii{.  1. 


as  bright  as  the  lamps  on  the  circuit,  and 


then     to    comiect    the    <1.m 

circuit.       ()f    course     the 

pared     should     be     intended 

same  voltage   and   in   ; 

r.e  sure  to  connect  the 

of  the  dynam<i  to  the  p 

and  the  negative  terminal  to  the  i 

conductor  ( i'ig.  i )  : 

be  a  verv  '     '    '      ' 

When  ti. 
this  way.  it  should  su; 
amount  of  cu 
d  bv  its 
•iU  tbrn   ' 


1... 


for     the 


there  "i.J 
<*frd  m 


the   total 


curren; 


*Based  on  extracts  from  the  author's  In-  • 
on  this  subject  written  fur  the  .American  - 
respondence,  at  .\rniour  Institute  of  Technui"*;; . 
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Series- Wound  Dynamos 

In  practice,  scries-ivouud  dynamos  are 
not  0])erated  in  parallel.  If  a  machine 
were  series-wound,  the  back  current 
would  cause  a  reversal  of  field  magnetism 
and  a  very  bad  short  circuit  of  double 
voltage.  In  fact,  series  dynamos  in  par- 
allel are  in  unstable  equilibrium,  because, 
if  either  tends  to  generate  too  little  cur- 
rent, its  own  field,  which  is  in  series,  is 
weakened,  and  thus  still  further  reduces 
its  current,  and  will  ])robably  reverse  the 
machine.  This  arrangement  is  therefore 
not  used.  One  way  in  which  this  diffi- 
culty might  be  overcome  is  by  causing 
each  to  excite  the  other's  field  magnet, 
so  that,  if  one  generates  too  much  cur- 
rent, it  strengthens  the  field  of  the  other 
and  thus  counteracts  its  own  excess  of 
power. 


Another  plan  is  to  excite  both  fields 
by  one  machine,  or,  better,  by  both  ma- 
chines jointly,  which  is  accomplished  by 
connecting  together  the  two  +  brushes 
and  the  two-brushes  respectively,  by  the 
line  and  by  what  is  called  an  "equalizer" 
(Fig.  2).  In  this  way  the  electrical  pres- 
sure at  the  terminals  of  the  two  arma- 
tures is  made  the  same,  and  the  currents 
in  the  two  fields  are  also  made  equal. 
Series  machines  are  not  often  run  in  par- 
allel;  but  the  principles  just  explained 
help  the  understanding  of  the  next  case, 
which  is  very  important. 

Compound-Wound  Dynamos 

Since  the  field  magnets  of  these  ma- 
chines are  wound  with  series  coils  as  well 
as  with  shunt  coils,  the  coupling  of  them 
is  a  combination  of  the  shunt  and  series 
cases. 

The  manner  of  connecting  two  or  more 
compound  dynamos  to  operate  in  parallel, 
is  represented  in  Fig.    3,  A    being    the 


armature,  B  the  series,  and  C  the  shunt- 
field  coils.  R  is  the  shunt-field  rheostat ; 
D  and  F  are  switches  connecting  the 
main  terminals  of  the  machine  with  the 
bus-bars  G  and  /,  respectively ;  and  E  is 
a  switch  to  connect  the  equalizer  H  with 
the  brush  end  of  the  series  coil  B. 

Assume  that  machine  Xo.  i  is  already 
in  operation  w'ith  its  switches  D,  F,  and 
E  closed,  and  that  it  is  desired  to  have 
machine  No.  2  thrown  in  circuit.  The 
procedure  is  as  follows : 

Bring  machine  No.  2  up  to  its  rated 
speed;  and  adjust  its  pressure  by  means 
of  the  shunt-field  rheostat  until  it  is  a  lit- 
tle greater  (about  i  per  cent)  than  the 
difiference  of  potential  between  the  bars 
G  and  /.  This  fact  may  be  ascertained 
by  comparing  two  voltmeters  connected 
to  the  dynamo  and  to  the  bus-bars,  re- 
spectively ;  or  by  means  of  a  single  volt- 
meter connected  through  a  double-throw 
switch,  first  to  one  and  then  to  the  other, 
which  avoids  the  error  due  to  a  difiference 
between  two  instruments.  Another  plan 
is  to  employ  a  dififerential  voltmeter — 
that  is,  one  having  two  windings  on  the 
movable  coil,  so  that  it  indicates  directly 
the  difference  in  voltage  between  the  two 
parts  of  the  system. 

After  the  pressure  of  the  incoming  dy- 
namo has  been  properly  regulated,  the 
three  switches  E,  F,  and  D  are  closed 
in  the  order  named.  If  these  points 
should  be  closed  simultaneously  by  means 
of  a  triple-pole  switch,  a  considerable 
current  might  flow  through  the  series- 
field  winding,  tending  to  increase  still 
further  the  voltage  of  this  dynamo,  at 
the  same  time  taking  current  away  from 
the  series  coils  of  the  other  machines,  and 
thereby  reducing  their  potential.  The 
shifting  of  the  load  thus  produced  might 
be  so  sudden  and  so  great  as  to  be  ob-  ^ 
jectionable.  This  action,  however,  is  not  of 
sufficient  importance  to  overbalance  the 
many  advantages  afforded  by  the  use  of 
a  switch  in  which  the  three  are  combined 
as  a  triple-pole  switch,  thus  guarding 
against  the  possibility  of  any  accident  due 
to  closing  the  wrong  circuit  first. 

After  the  machines  have  been  thrown 
in  parallel,  their  voltages  should  be  ad- 
justed by  the  shunt-field  rheostats  so  that 
the  load  is  properly  divided  between 
them. 


i 


PARALLEL  UILKAIIOX  Of  GEXEHATORS 


i^ 


Compound  dynamos  of  different  size 
ir  current  capacity  may  also  he  coupletl 
as  describe<l,  provided,  of  course, 
their  voltaj^es  are  etpial ;  and  pro- 
vided also  that  the  resistances  of 
the  series-field  coils,  together  with 
their  leads  to  the  l)us-l)ar,  are  in- 
versely proportional  to  the  current  ca- 
pacities of  the  several  machines  ;  that  is. 
if  a  dynamo  produces  twice  as  much  cur- 
rent, its  series  coil  and  lead  should  have 
half  the  resistance.     It  is  further  neces- 


riu"  rt'sistanii.  -     , /'..■,,. 

^'■'  ;st  Ix'    adjusted    as  1 

ahove.  when  two  or  more  com|X)un<i  ma- 
chines are  run  in  parallel.     '1  '  f 
iron  for  this  shunt  makr  >  tli. 
inj^  effect  in  the  dynai 
hecause  its  risistance.  risinjj  as  the  cur- 
rent    throuj.:!)     it     increases,    throws     a 
j^^reater   fraction  of  the  cnr'<"f   I'.r  .n-i: 
the  series  coils  at  full  load 
sates    for   the    fact    that   the    fiei 
lutism.   and    consequently    the     vuua^e, 


JMKmc 


\smf 


M 


Fig.  3. 


-ary  that  the  two  machines  should  aj^ree 
in  their  action,  so  that  a  given  increase  in 
load  will  produce  the  same  effect  upon 
their  voltaj.:;^es.  If  they  arc  not  in  a.c^rcc- 
ment.  they  may  be  adjusted  by  slijj^htly 
increasing  the  resistance  of  the  series  coil 
of  that  machine  which  tends  to  take  too 
large  a  share  of  the  load.  This  may  be 
done  by  simply  interjiosing  a  few  extra 
feet  of  conductor  of  the  same  current  ca- 
pacity as  the  series  coil,  between  the  lat- 
ter and  the  main  conrluctor  or  bus-bar. 
Ihe  shunts  which  are  almost  always  used 
to  adjust  the  effect  of  the  series  coils  in 
compound  dynamos  (shown  at  Z  in  ma- 
chine Xo.  I.  Fig.  3),  operate  properly  in 
the  case  of  machines  working  singly,  but 
are  worthless  for  machines  in  parallel. 


does  not  increase    proportionatclv    wifh 
the  increasing  load  current. 

Shunt-woimd  dyi*  ' 

tend  to  steady  each  .  .i,,v  . .  ... 
pens  to  run  too  fast,  it  has  ' 
work,    which   opposes    the     i 
speed  ;  an<l  it  ab        ' 
off    the   other    f 
them  run  f.ister. 
This  mutual  rcgula 
ajiy  slight  d' ' 
such  as  th." 
or  even  s: 
ing  action  of  the  <! 


series  coil 
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speeds,  voltages,  etc.,  should  regulate 
much  more  exactly  than  with  simple 
shunt  machines.  They  often  work  badly 
together,  owing  to  carelessness  or  to  im- 
perfect   agreement    between    them ;  but 


^^ 


with  proper  care  and  good  apparatus  they 
run  well  in  parallel. 

If  generators  are  located  at  consider- 
able distances  from  the  switchboard,  the 
equalizing  connection  may  be  run  direct- 
ly from  one  machine  to  the  other  with  the 
equalizing  switch  {E,  Fig.  3)  on  the 
frame  of  each,  instead  of  running  to  the 
switchboard.  This  saves  copper,  espe- 
cially in  the  case  of  large  generators. 

Alternators 

To  run  two  alternators  in  parallel,  sev- 
eral conditions  have  to  be  fulfilled :  The 
incoming  machine — as  in  the  case  of  di- 
rect-current machines — must  be  brought 
up  to  nearly  the  same  voltage  as  the  first 
one ;  it  must  operate  at  exactly  the  same 
frequency  ;  and.  at  the  moment  of  switch- 
ing in  parallel,  it  must  be  in  phase  with 
the  first  machine.  This  correspondence 
of  frequency  and  phase  is  called  "synch- 
ronism." 

It  is  impossible  \vith  mechanical  speed- 
measuring  instruments,  to  determine  the 
speed  as  accurately  as  is  necessary  for 
this  purpose.  There  is,  however,  a  very 
simple  method  of  electrically  determining 
small  dififerences  in  speed  or  frequency. 
In  Fig.  4.  let  .1/  and  A"  represent  two  sin- 
gle-phase alternators,  which  can  be  con- 


Fig.  5. 

nected  by  means  of  the  single-pole  switch 
AB.  Across  the  terminals  of  the  switch 
is  connected  an  incandescent  lamp  L, 
capable  of  standing  twice  the  voltage  of 
either  machine.  W'hen  AB  is  open,  the 
circuit  between  the  machines  is  com- 
pleted through  L. 


The  two  machines  may  be  connected 
in  parallel  as  follows :  Assuming  ma- 
chine M  already  in  operation,  bring  up 
machine  N  to  approximately  the  proper 
speed  and  voltage ;  then  watch  lamp  L. 
If  machine  A'  is  running  a  very  little 
slower  or  faster  than  machine  M,  the 
lamp  L  will  glow  for  one  moment  and 
be  dark  the  next.  At  the  instant  when 
the  voltages  are  equal  in  pressure  and 
I)hase,  L  will  remain  dark  :  but  when  the 
i:)hases  are  displaced  by  half  a  period,  the 
lamp  will  glow  at  its  maximum  brill- 
iancy. Since  the  flickering  of  the  lamp  is 
dependent  upon  the  difiPerence  in  fre- 
quency, the  machines  shovdd  not  be 
thrown  in  parallel  while  this  flick- 
ering exists.  The  prime  mover  of 
the  incoming  machine  must  be  brought 


\sf. 
Transformer 


Fig.  6. 

to  the  proper  speed ;  and  the  nearer 
machine  A'  approaches  snychronism, 
the  slower  the  flickering.  When  it 
is  very  slow,  we  can  use  the  mo- 
ment the  lamp  is  dark  to  throw 
the  machines  in  parallel  by  closing  the 
switch  across  AB.  The  machines  are 
then  in  phase,  and  tend  to  remain  so, 
since,  if  one  slows  down,  the  other  will 
drive  it  as  a  motor.  It  is  better  to  close 
the  switch  when  the  machines  are  ap- 
proaching synchronism  than  when  they 
are  receding  from  it — that  is,  at  the  in- 
stant the  lamp  becomes  dark. 

This  method  of  synchronizing  is  open 
to  the  following  objections: 

1.  The  lamps  may  be  dark  with  considera- 
ble difference  in  voltage.  For  instance,  a  iio- 
volt  lamp  is  dark  with  a  pressure  of  20  to  25 
volts. 

2.  The  lamp  may  be  dark  owing  to  a  broken 
filament. 

It  may  thus  happen,  with  this  arrangement, 
that  the  machines  are  placed  in  parallel  while 
there  is  a  considerable  difference  of  voltage  or 
phase  existing,  and  an  excessive  rush  of  current 
will  result. 
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A  method  not  open  to  the  above  ob- 
jections is  shown  in  Fig.  5.  The  ma- 
chines to  be  switched  in  parallel  are  each 
connected  to  the  bus-bars  by  means  of 
double-pole  switches.  Two  incandescent 
lamps,  of  the  machine  voltage,  are  cross- 
ounecteil   as  shnwii.      [f    the    machines 


rit.  7. 

are  in  phase  and  the  voltages  generated 
are  e(|ual  in  value,  the  dilTerence  of  i)o- 
tential  between  ./  and  a  given  ])oint  is 
the  same  as  that  between  .  /'  and  tlie  same 
])oint :  likewise  B  and  B'  have  the  same 
relative  potential  values.  Hence  a  lamp 
connected  between  ./  and  B'  would  burn 
with  the  same  brilliancy  as  if  it  were  con- 
nected directly  across  AB ;  likewise  with 
the  other  lamp.  if.  however,  the  ma- 
chines happen  to  be  directly  opj^osite  in 
phase,  but  to  be  generating  voltage  of  the 
.same  value,  ./  and  B'  are  of  the  same 
relative  potential  value,  and  B  and  ./' 
are  likewise  of  the  same  value ; 
hence  lamps  cross-connected  as  in 
'■  '?•  5  would  be  dark.  At  any  other 
phase  difFerence.  the  lamps  will  glow,  but 
not  so  brightly  as  when  in  phase.  Hence, 
with  this  arrangement,  the  machines 
should  be  thrown  in  i)arallel  when  the 
lamps  are  on  the  verge  of  maximum 
brightness,  a  condition  readily  deter- 
mined, but  not  possil)le  with  the  first 
method. 

The  connections  as  shown  in  Figs.  4 
and  5  are  not  directly  a])plicable  t<3  high- 
tension  working,  but  require  the  intro- 
duction of  transformers  as  shown  in  Fig. 
6,  which  is  a  modification  of  Fig.  5.  The 
secondaries  (of,  say.  50  volts  each) 
should  be  connected  in  series  with  each 


other  and  to  one  iothvoU  l.inip.  V,  '  .  n 
the  two  machines  are  <ipp«iM<l  n 
the  lamp  i>  dim.  If  the  lamp  ihiktrs 
badly,  the  phase  is  not  ri^^ht ;  but  if  the 
lamp  is  steady  at  full  brightness,  the  nw- 
chines  are  in  phase,  ami  they  may  Ik-  con- 
nected without  disturbing  the  circuit,  bv 
closing  the  main  switch. 

If  alternators  are  rigidly  c«»nncctc«l  to 
each  other  or  to  the  engine,  so  that  tliev 
necessarily  run  exactly  togrtlur,  there  is 
no  need  of  bringing  tluin  into  stc|>  each 
time,  but  they  should  Ik'  adjustetl  to  the 
same  phase  in  the  first  place. 

The  comuctions  of  the  synchronizing 
lamps  of  a  three-phase  .system  are  similar 
to  those  for  a  single-phase  system.  I"or 
instance,  the  method  employe*!  in  Pip. 
4  may  be  extende<l.  and  lamps  connected 
as  in  I'ig.  7.  If  the  three  lamps  sinuil- 
taneously  l)ecome  dark  or  bright,  the  Cf>n- 
nections  are  correct,  and  the  three 
switches  may  be  closed  at  an  instant  of 
darkness.  It  may  haj)pen,  however,  that 
the  lam]>s  do  not  become  l)right  or  dark 
simultaneously  but  successively.  This  in- 
dicates that  the  order  f^f  connection  of 
the  leads  of  one  machine  does  not  corre- 
spond with  that  of  the  other.  In  tliis 
case,  transpose  the  leads  of  one  machine 
until  the  proper  or  simultaneous  action 


of  the  lamps  is  oiiiauml.     ,\Mer  the  ma- 
chines have  been  |)roperly  c--^""  '■'    '■ 
is  sufticient  to  synchronizr  v 
the  lamps.     Similarly,  with  Ir 

systems,  only  a  -       '      ' 

is  required,  coniK  ^     . 
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C.  Wear  no  placards. 


C  Make  the  minutes  pay. 


CDo  the  hard  things  first. 

d.  Aspiration  +  Perspiration  =  Success. 

C  Do    your    procrastinating    to-morrow;    act 
to-day. 


C  Your  worth  consists  in  what  you  are,  not  in 
what  you  have. 

CDon't  get  discouraged — it's  often  the  last  key 
on  the  bunch  that  unlocks  the  door. 


C  Just  as  one  finds  the  key  to  the  situation,  the 
situation  sometimes  changes  and  it  is  impos- 
sible to  find  the  keyhole. 
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C  Man  cannot  advance  and  leave  woman  be- 
hind. 

C  -V  self-possessed  woman  is  one  who  failed 
to  acquire  a  husband. 

C  The  more  some  men  are  worth,  the  more 
worthless  they  seem  to  be. 

CWhen  a  man  is  resigned  to  his  fate,  the 
resignation   is  generally  accepted. 

CLiKE  a  beautiful  flower,  full  of  color  but 
without  perfume,  are  the  fine  but  fruitless 
words  of  him  who  does  not  act  accordingly. — 
Buddha. 

UNDER  this  heading,  Mr.  O.  E.  Dun- 
lap  describes  in  this  issue  the  won- 
derful power  developments  which  have 
taken  place  at  Niagara  Falls  during  the 
last  few  years,  and  also  the  large  amount 
of  new  power-house  construction  pro- 
jected or  under  way,  especially  on  the 
Canadian  side. 

There  is  one  phase  of  this  subject, 
however,  in  which  the  general  public  is 
possibly  more  interested  than  in  the 
power  development,  and  that  is  the  ques- 
tion of  the  deterioration  of  the  Falls  as 
a  scenic  attraction,  and  eventually,  per- 
haps, their  ultimate  total  disappearance. 

Altogether  there  have  been  nine  com- 
panies chartered  in  New  York  for  the 
production  of  power  from  the  Falls. 
Some  of  these  companies,  however,  failed 
to  take  advantage  of  their  charters,  and 
others  were  sold,  so  that  there  are  to-day 
but  two  active  companies  in  the  field  on 
the  American  side.  These  two  compa- 
nies, by  the  terms  of  their  charters,  are 
permitted  to  use  16,300  ctibic  feet  of 
water  per  second. 

There  are  three  companies  chartered 
to  operate  on  the  Canadian  side,  w^hose 
permissible  consumption  of  water 
amounts  to  32,100  ctibic  feet  per  second. 
These  five  companies,  therefore,  if  pro- 
ducing power  up  to  their  limitations, 
would  abstract  48,400  cubic  feet  of  water 
per  second. 

The  total  amount  of  water  falling  over 
both  the  American  and  the  Canadian 
Falls  is  generally  estimated  at  224.000 
cubic  feet  per  second,  by  far  the  greater 
part — more  than  three-fourths  —  flowing 
over  the  Canadian  Fall. 

Dr.  John  Isl.  Clark,  New  York  State 
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Gcolop^ist,  in  a  recent  issue  of  Popular 
Science  Monthly,  states  that  it  has  hccn 
calculated  that  when  this  total  flow  over 
the  l-alls  is  reduced  to  184.00)  cuhic  feet 
per  second,  or  hy  40,000  cuhic  feet,  the 
water  will  be  down  to  rock  bottom  at 
the  edt^e  of  the  American  l-'all.  which  is 
about  ten  feet  hi.L^^her  than  the  edi^e  of 
the  Canadian  I-'all.  It  is  further  calcu- 
lated that  if  another  40.000  cubic  feet  of 
water  per  scconil  be  abstracted  from  the 
total  How.  the  channel  of  the  Aiucrican 
I'all  would  be  dry. 

In  additon  to  the  five  companies  men- 
tioned, there  is  another  company  in  ex- 
istence which  proposes  to  take  water 
from  some  distance  above  the  cataract, 
and  to  carry  it  olt  by  canal  to  Lockport, 
where  it  will  empty  into  Lake  (Ontario. 
If  this  company  succeeded  in  carryiuij 
out  its  project,  the  drain  on  the  waters 
of  Xiag'ara  would  probably  reach  about 
60.000  cubic  feet  per  second,  should  all 
the  companies  carry  their  ]iower  develop- 
ments to  their  chartered  limitations. 

I-"rom  recent  a.c^itatitjns  on  this  subject, 
it  seems  probable  that  no  more  charters 
for  power  purposes  will  be  permitted  by 
X'ew  York  State,  and  the  Province  of 
(  )ntario  should  unite  with  us  in  prevent- 
inj^  any  further  encroachment  on  the 
waters  of  Xiajjara.  Unless  some  pre- 
ventive measures  shall  be  devised,  it  is 
apparent  that  the  coiupanies  already 
chartered  will  practically  destroy  the 
jC:randeur  of  the  American  Falls,  if  it  is 
f<iund  commercially  i^mfitable  for  them 
to  produce  power  to  the  limit  of  their 
chartered  capacities. 

A  suij.erestion  has  recently  been  made 
for  the  further  production  of  power  from 
the  waters  of  Xiatjara.  which  would  not 
imi)air  the  beauty  of  the  Falls.  The 
.Xia.c:ara  river  has  a  fall  of  100  feet  from 
the  base  of  the  cataract  down  to  Lewis- 
ton,  about  five  miles  down  streatn  ;  and  by 
tunneling  across  the  rocks  from  the  up- 
per part  of  the  \\hirli)ool  Rapids  to  be- 
low where  the  river  makes  a  rifjht  anisic 
at  the  Whirli^ool,  a  fall  of  from  sixty  to 
eighty  feet  could  be  obtained  by  running 
a  tunnel  for  a  length  of  10.000  feet.  Con- 
siderable power  might  thus  be  developed 
from  the  river  below  the  Falls,  without 
any  menace  to  the  scenic  beauty  of  the 
cataract. 


p\'RR  since  the  early  <lays  of  electric 
-^  railways,  there  has  Ix-en  a  fav«»rite, 
popular  notion  that  electricity  w«inl<l 
shortly  supplant  steam  in  the  ()|MTa(ion  «»f 
long-distance  railroads  in  jjcnenil ;  hut  an 
long  as  it  was  necessary  to  build  rolarv- 
converter  sub-stations  along  the  line 
about  fifteen  miles  apart,  verv  Ii««lc 
thought  was  given  to  electrical  (k  1 

by  the  managers  of  steam  raiUo.t.ls. 
Within  the  last  two  years,  however, 
the  successful  practical  introiluction 
of  the  single-phase  alternating-cur- 
rent series  mot<jr  has  put  a  new 
aspect  upon  this  question :  and  we 
find  some  of  the  foreniost  electrical  en- 
gineers seriously  studying  the  (juestion  of 
oi)erating  heavy  trunk  line  service  elec- 
trically, so  that  what  a  short  time  ago 
was  merely  a  dream  of  the  enthusiast  has 
now  become  a  legitimate  engineering 
probleiu. 

C)ne  of  the  facts  which  lends  to  belief 
in  the  ultimate  .^(tlution  of  this  questi«»n, 
is  the  steady  advance  that  has  been  made 
\ear  by  year  in  the  api»lic:ition  of  elec- 
tricity to  the  traction.  Ilegimiing  alwiut 
twenty  years  ago  on  short  experimental 
lines,  the  trolley  has  grown  to  embrace 
])ractically  every  city  street-railway  sys- 
tem in  the  I'^nited  .States,  and  has  created 
a  new  class  of  roads  hitherto  imknown — 
namely,  the  interurban  lines,  which  arc 
numbered  by  the  hun«lreils,  an<I  which, 
in  length,  are  beginiu'ng  to  compare  v<  rv 
favorably  with  many  steaui  roads. 

The    next    stage   of   devcloptnent    has 
been  the  introduction  of  electric 
tives    for    the   suburban    and    inh 
services  of  steam  lines;  and  this  tlev 
ment  is  now  taking  place  on  a  ntnnlKT  ot 
the  most  pronu'nent  steam  ri'.   '     '     '      1 
this  country  and  abroad.     In  ; 
ity  of  cases  where  electric  and  o,  m'h  r.Til- 
way  services  have  come  hv 
the  electric  serv! 
quired  a  moiv  " 
account  of  tl 
quent  service, 
cars     at     any 
Hitherto  t'^'-  -- 
garded  a 
road  niani; 
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latter  in  diiTerent  localities  awaking  to 
the  fact  that  this  competition  is  constantly 
growing  more  serious;  and  recently  a 
number  of  cases  have  been  reported 
where  steam  roads  are  putting  fortli 
special  efforts  to  regain  this  loss  of  local 
traffic,  in  some  cases  even  going  to  the 
length  of  ado])ting  the  trolley  system  for 
local  service  ui)on  their  own  lines. 

It  is  not  improbable  that  in  this  way 
electricity  will  gradually  make  consider- 
able headway  in  its  ap]jlication  to  steam 
railways ;  and,  as  steam  railroad  man- 
agers become  more  accustomed  to  its  use 
and  more  acquainted  with  its  advantages, 
its  use  will  gradually  spread.  While 
there  is  little  doubt  in  the  minds  of  elec- 
trical engineers  that  an  electrical  system 
could  be  devised  which  would  be  perfect- 
ly adapted  to  tlie  use  of  present  steam 
roads,  the  performance  of  such  a  system 
under  all  conditions  of  passenger  and 
freight  service  would  involve  a  very 
costly  experiment,  which  would  hardly 
be  undertaken  by  any  existing  railroad. 

It  is  far  more  probable  that  the  appli- 
cation of  electricity  to  steam  roads  will 
l)e  a  matter  of  gradual  evolution,  at  least 
until  there  is  operated  a  sufficient  length 
of  railway  to  furnish  reliable  data  as  to 
its  practicability  and  operating  cost. 
There  is  no  doubt  that  the  steam  locomo- 
tive will  continue  to  hold  its  present 
prominent  position  in  transportation  for 
many  years  to  come ;  but  that  it  will  be 
eventually  superseded  by  electricity  is 
predicted  from  the  fact,  that,  wdiile  the 
electrical  system  is  nowhere  near  the 
limits  of  its  possibilities,  the  steam  loco- 
motive offers  but  little  opportunity  for 
further  development. 


9i 


A  PAPER  on  the  above  subject  was 
■**•  read  by  Eben  C.  Willey,  of  the  Hope 
Mills,  North  Carolina,  at  the  seventy- 
eighth  semi-annual  meeting  of  the  New 
England  Cotton  Manufacturers'  Associa- 
tion, held  in  Boston,  Mass.,  April  26-27. 
Mr.  Willey  stated  that  the  summer 
months  are  the  cause  of  more  or  less 
anxiety  to  all  manufacturers,  as  the  con- 
ditions surrounding  the  spinning  of  cot- 


ton cannot  then  be  so  easily  controlled  as 
in  the  cooler  months  of  the  year,  and  are 
induced  by  the  extreme  heat  and  sul- 
triness. This  is  particularly  noticeable, 
both  in  the  eft'ect  on  the  operatives  and 
on  the  work,  in  all  cotton  mills.  Old 
machinery  is  more  susceptible  to  atmos- 
pheric influences  than  is  new  equipment, 
lleat,  with  extreme  humidity,  is  a  detri- 
ment to  good  spinning ;  and  in  July  and 
August  the  conditions  are  almost  unen- 
durable. 

The  frictional  heat  generated  from  ma- 
chinery, oil,  and  the  accumulation  of  un- 
clean cotton  which  is  found  about  all  cot- 
ton-spinning machinery,  creates  an  un- 
healthy condition,  making  the  air  foul 
and  enervating  to  the  operatives  on  a  hot, 
oppressive  day.  The  custom  of  closing 
windows  at  night  in  mills,  makes  the  mat- 
ter worse.  Experience  with  power-driven 
fans  shows  great  benefits  from  their  use ; 
and  the  conclusion  is  that  it  is  not  so 
much  the  high  temperature  or  the  hu- 
midity which  causes  the  difficulty,  as  it 
is  the  foul,  stagnant  air  wdiich  aft'ects 
both  the  operatives  and  the  work.  The 
exhausting  of  this  impure  air  from  the 
room,  generally  insures  good  work,  even 
though  the  conditions  outside  may  be 
severe.  The  whirling  of  machinery  and 
pulleys  does  not  create  a  draft,  but  only 
agitates  the  air.  The  use  of  humidifying 
machines  is  often  of  great  benefit.  Ex- 
cessive heat  can  readily  be  removed  by 
the  fan  in  the  winter,  also.  Water 
sprayed  upon  a  mill  roof  or  allowed  to 
fall  next  the  open  windows,  has  been 
found  advantageous.  The  finer  the  spray, 
the  better  the  results. 

Previous  to  the  use  of  fans  and  water, 
as  cited  in  the  paper,  it  was  not  unusual 
for  the  temperature  to  rise  to  115°  by  3 
p.  M.,  and  120°  at  6  p.  m.,  while  the 
outside  thermometer  did  not  register 
over  96°.  Tables  were  given  for  a  300 
foot  by  70  foot  mill  using  a  propeller  fan 
and  water  sprayed  on  the  roof,  showing 
the  temperature  from  6  a.  m.  to  6  p.  m., 
between  August  18  and  October  7,  in- 
clusive. The  maximum  temperature  was 
105°  inside  .the  mill  on  August  22,  the 
outside  air  being  at  98°  at  this  time.  The 
average  inside  temperature  during  the 
August  days  studied,  was  95.2° ;  and  the 
outside  temperature,  85.8°. 
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The  Railroad  as  a  Schoolmaster 

Its  Function  in  Industrial  Development  and  in  Raising  Agriculture  from 

a  Calling  to  a  Profession 


By  WILLIAM   H.  MANSS 
Industrial  Commissioner,  CbicaEO,  Uurlinirion  &  'juiiicy  Railway  Compnnr 


RAILROADS  arc  l)uilt  to  pay  divi- 
dends.   To  maintain  a  surplus  of 
profit,  the   railroad  must  liave  a 
payincf  business  ;  and  if  it  has  not, 
it  must  find  or  make  it.     Otherwise  the 
railroad    will    fail   of   accomplishing   the 
purpose  for  which  it  was  built. 

Development  of  Territory 

Even  after  a  road  has  become  a 
chronic  dividend  payer,  it  still  nnist  kee]> 
u])  the  quest  for  paying  business — for 
freight  and  passenger  trans])ortation  of 
the  profitable  kind.  Many  factors  enter 
into  this  problem,  each  having  a  direct 
and  influential  bearing  on  its  solution ; 
and  one  of  these  factors  might  well  be 
called  "Development  of  Territory" — the 
encouragement  and  fostering  of  all  that 
enters  into  the  agricultural,  social.  an<l 
industrial  life  of  the  community  served 
by  the  railroad. 

It  is  here  where  the  "Industrial  De- 
partment" of  a  railroad  company  enters 


into   tlie  general   scheme.      The   head   i>f 
this  tlepartmenl.  the  industrial  C'»>Munis- 
sioner,  is  the  man  "  ''  ■  looks  far  ahe.'.'' 
who  finds,    for  -  .   ■  ,  liic  germ  • 

possibility   in  a  clay  bank  to-day  which 
may  become  a  train  load  of  freight  e^ 
week   next   year.      He   is   the   iiitnxli. 
who  brings  capital  and  the  clay  bank  to 
gether,  to  the  en«l  that  out  of  the  intro- 
duction will  (  • -kyard.  a  ixUtcry. 
or  a  hollow  th.    ...v  >•  .  . . 

Perhaps  there  is  a  Inrger  iv 
industrial   deparlim 
Southern   than  on    ' 
sec|uen<--    ■  ■<    '  •.'.'-■' 
about 
older  ICast  to  lo^ 

111,'lllU'' 

n<  iw   i.^    i 

follow  Western  : 

Vp  to  a  certain  point  i 
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tluTc  has  1)0011  ])ractically  no  land  in  tlio 
rain  l)olt  that  tlio  Clovernmont  could  give 
away.  Xow  all  the  j:::^ovornniont  rosorva- 
ti(Mis  arc  in  the  sonii-arid  roj^ions.  I  lonco 
immigration  is  not  the  important  factor 


King  Corn  on  the  Pilot. 

it  once  was  in  develoi:)ment  of  Western 
railroad  territory.  This  shiftinij  of  con- 
ditions  lias  resulted  in  the  filling  up  of 
older  centers  of  population,  and  not  of 
the  agricultural  districts.  We  are  not 
getting  farmers  from  Europe  now ;  her 
emigrants  are  coming  from  her  in- 
dustrial centers  ;  and  the  Eastern  States 
have  caught  the  infection,  for  the  citizens 
of  their  factory  towns  and  manufactur- 
ing cities  are  moving  west  and  south. 

So  the  problem  before  the  Western 
roads  to-day  is  the  development  of  in- 
dustries— the  finding  of  raw  material  and 
obtaining  local  co-operation  —  to  show 
Nev,'  England  manufacturers  the  many 
advantages  to  them  which  lie  in  Western 
cities  and  localities.  In  passing,  we 
might  cite  as  a  strong  example  what  this 
work  has  done  for  Kansas  City,  which 
in  five  years  has  increased  the  number 
of  its  manufacturing  establishments  from 
500  to  2,100. 

Location  of  Industrial  Sites 

Before  an  industrial  commissioner  can 
hope  to  accomplish  anything,  he  must 
know  his  territory ;  in  fact,  he  must  be- 


come intimately  acquainted  with  every 
square  mile  of  it.  So  he  first  takes  a 
complete  census  of  the  towns  along  the 
entire  system.  In  this  way  he  locates  the 
raw  material,  such  as  coal,  metals,  clays, 
timber,  etc. ;  ascertains  favorable  sites  for 
factories ;  and,  in  brief,  secures  all  the 
information  that  can  be  had  bearing  on 
the  industrial,  political,  social,  and  eco- 
nomic conditions  obtaining  in  the  rail- 
road's country.  This  information  is  set 
forth  on  thousands  of  blanks,  each  blank 
rej^resenting  a  town ;  and  when  these 
blanks  have  been  properly  grouped,  di- 
vided, and  subdivided,  the  industrial 
commissioner  can  lay  his  finger  on  an 
answer  to  any  query  which  a  site-seeking 
manufacturer  may  venture. 

\\'hile  this  census  is  being  taken,  the 
industrial  commissioner  has  placed  him- 
self in  touch  with  manufacturers  all  over 
the  country,  and  at  the  same  time  has 
been  assisting  in  the  organization  of  com- 
mercial clubs  in  cities  and  towns  on  the 
lines  of  his  road.  These  clubs,  composed 
of  the  live  men  of  the  places,  are  ever 
ready  to  co-operate  with  the  railroad  in 
securing  new  enterprises  ;  and  one  may 
venture  the  assertion  that  any  man  look- 
ing for  a  factory  site  could  not  step  into 
any  town  of  1,500  or  more  population 
on  the  Burlington  road  without  being 
met  by  the  president  and  officers  of  the 
local  commercial  club.  They  would  show 
him  the  locality  they  had  to  ofifer,  make 
him  a  proposition,  and  be  ready  to  back 
it  up. 

The  Seed-Corn  Special 

But  the  locating  of  sites  for  industrial 
enterprises  is  but  one  part  of  the  many- 
sided  business  of  the  industrial  depart- 
ment of  an  up-to-date  railroad.  A  most 
important  feature  of  the  departmental 
work  is  of  an  educational  character.  This 
can  best  be  illustrated  by  sketching  in 
outline  a  campaign  recently  carried  on 
by  the  railroad  represented  by  the  writer 
— the  Chicago,  Burlington  &  Quincy 
Railway  Company.  While  this  cam- 
paign was  on,  over  80,000  Western 
farmers  listened  to  more  than  700  de- 
scriptive and  illustrated  lectures  de- 
livered by  forty-three  professors  of  wide 
reputation  in  a  train  which  traveled  back 
and  forth  over  17,000  miles  through  the 
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States  of  Xebraska,  Iowa.  Illinois,  Wis- 
consin, and  Missouri.  This  campaign 
was  carrictl  on  in  a  train  which  hccanie 
known  all  over  the  West  as  the  lUirlinf^- 
ton  Seetl-Corn  Sjjecial.  Passenj^cr 
coaches  were  transformed  into  lecture 
halls  on  wheels.  As  a  matter  of  fact,  the 
See<l-C\)rn  Special  was  an  Agricultural 
I'niversity  in  transit — a  sort  of  experi- 
mental station  which  hroui^ht  the  profes- 
sors and  experts  to  the  farmers  instead 
of  compellin.i^  the  farmers  to  .cfo  to  the 
\  'nivcr.sitv. 


:y-threc  bushels  to  the  acre.  ^^ '  ' 
means  that  but  one  stalk  out  of  t; 
every  hill  of  corn  is  raisinjj  one  ear 
weipliinjij  alnnit  twelve  ounces.  Now.  if 
two  stalks  out  of  every  three  can  \*c  in- 
duced to  raise  one  ear  each  of  twelve 
ounces,  the  averajje  yield  jkt  acre  will 
be  sixty-six  bu^-IuK :  and  if  each  stalk 
will  bear  its  fruitful  burden,  we  shall  ^jrt 
the  lon^-hoped-for  yield  of  too  bushels 
of  corn  to  tile  acre. 

The  most  unobservatit  of  men  can  see 
that  an  increased  corn  \!.  1,1  means  an  in- 
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In  this  unicjue  educational  effort,  the 
railroad  company  had  the  enthusiastic  co- 
operation of  the  L'niversities  of  the 
States  mentioned  and  of  the  United 
States  Department  of  AjE^riculture.  The 
railroad  company  bore  the  entire  ex]UMise 
of  this  campai,f,Mi.  which  be.c^an  early  last 
December  and  continued  until  the  close 
of  April ;  and — we  might  note  in  passing 
— the  investment  was  a  paying  one. 
Why  ?  Because,  if  but  one  more  grain  of 
corn  can  be  induced  to  grow  on  every 
Col)  in  the  United  States  through  the  ap- 
plication of  scientific  farming,  the  in- 
crease in  the  corn  crop  will  be  2.000.000 
bushels.  The  average  yield  of  corn  in 
Iowa,   Illinois,  and  Nebraska    is    about 
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nicntcd  with  actual  sami)lcs  of  corn  of 
all  kinds.  The  immediate  result  of  the 
Sced-Corn  Special's  work  was  seen  in 
an  increased  demand  for  the  bulletins  is- 
sued by  the  .\|.;ricultural  Departments  of 
the  L'niversities,  this  increase  agj^^re^at- 
"iR  3'''.ooo :  a  marked  increase  in  the 
membership  of  the  Ai^'ricultural  Schools  ; 
an  aroused  interest  on  the  farms  in  the 


An  (_ 


'v  Meeting. 


work  these  schools  are  doing ;  and  a  de- 
cided increase  in  appropriations  made 
by  the  several  Legislatures  for  the  Agrri- 
cultural  Departments  of  the  State  Uni- 
versities. 

Agricultural  and  industrial  economics 
differ  in  this :  In  industries  the  tendency 
is  toward  amalgamation  and  concentra- 
tion, to  obtain  the  maximum  of  efificiency 
at  a  minimum  of  cost.  In  agriculture 
the  tendency  is  toward  smaller  farms, 
w^orked  more  intensively,  to  obtain  the 
same  results.  For  instance,  the  great 
bonanza  farms  of  the  Northwest  (not  the 
ranges)  are  being  divided  and  subdi- 
vided into  smaller  farms.  This  change 
of  trend  is  leading  the  industrial  depart- 


ments of  the  railroads  to  aid  the  agri- 
culturist in  making  farming  a  profession 
instead  of  a  calling — in  other  words,  to 
lead  the  farmer  to  see  that  specialization 
is  the  paying  proposition  to-day. 

Good  Roads  Movement 

Good  roads  also  constitute  a  problem 
in  which,  the  industrial  department  is  in- 
terested. The  importance  of  this  subject 
is  indicated  by  the  fact  that  at  the  presert 
time  the  average  cost  to  the  United 
States  for  steam  transportation  is  one 
cent  per  ton  mile — that  is,  a  ton  hauled 
a  mile ;  on  macadam,  brick,  or  asphalt 
roads,  it  costs  seven  cents  to  haul  a  ton 
a  mile  ;  on  hard  dirt  roads  at  certain  sea- 
sons of  the  year,  the  cost  is  twelve  to 
twenty  cents ;  and  on  poor  roads  the  cost 
is  sometimes  over  sixtv-five  cents.  Now, 
figures  collected  by  the  several  Good 
Roads  associations  go  to  show  that  90 
per  cent  of  all  the  merchandise  in  the 
United  States  is  at  some  time  or  other 
hauled  by  teams.  Couple  this  statement 
with  the  figures  set  forth  as  representing 
the  cost  of  transportation,  and  one  can 
get  some  idea  of  the  immense  importance 
attaching  to  the  Good  Roads  problem  as 
affecting  the  industrial  and  agricultural 
interests  of  our  country. 

Railroads  have  contributed  to  build 
schoolhouses,  churches,  and  theaters,  to 
lay  out  little  parks  and  plant  trees,  and 
to  assist  in  other  ways  in  promoting  the 
social  and  artistic  life  of  the  people  who 
depend  upon  them  for  transportation. 
This  might  not  inappropriately  be  called 
philanthropy  or  good  citizenship.  As  a 
matter  of  fact,  it  is  simply  good  business, 
for  the  development  of  a  community 
along  right  lines  means  more  people  to 
come  to  the  community,  means  people  of 
broader  ideas ;  and  this  means  more 
travel.  But  above  all  these  things  that 
are  done  through  and  by  the  industrial 
department  of  a  modern  railroad,  the  ef- 
forts of  that  department  develop  one  of 
the  most  valuable  assets  of  a  railroad 
company — the  good  wall  and  co-opera- 
tion of  those  who  live  and  do  business 
along  its  lines. 


Life  Stories  of  Successful  Men 

Major-General,  the  Hon.  William  A.  Bancroft* 


By  WINTHKUI'  PACKARD 
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Till-!  otVicc  ill  which  ("icncral  Will- 
iam A.  llaiicrofl  (iirccts  ihf  Bos- 
ton IClevated  Railway  is  a  Rootl 
place  in  which  to  study  nictlnxls 
of  iiiaiia.!^ciiK-iit.  Hardly  anywhere  will 
one  see  a  belter  daily  exhihition  of  Aiij^lo- 
Saxuii  capacity  for  hard,  iiitellij^ciit 
work.  The  director  of  operatives,  a  l)ij^. 
earnest  and  tht^roiifjfhly  human  man.  sits 
through  the  lons^  mornins^  and  afternoon 
lunirs  receiving'  ilelegations,  passing 
judgment  upon  plans,  affixing  his  signa- 
ture to  documents,  and  giving  his  best 
thought  and  attention  to  the  multitud- 
inous details  of  a  great  comprehensive 
-\  stem  which  he  has  helped  to  create  out 
of  the  conditions  of  anarchy  which  made 
I'oston  street-cars  notorious  a  generation 
ago.  This  man.  who  has  been  lawyer, 
mayor,  brigadier-general,  major-general, 
and  street-railway  president,  is.  of  course, 
one  of  the  born  leaders  of  men  and  af- 
fairs: for  the  job  of  running  a  street-car 
system,  no  other  need  ai)])ly. 

A  characteristic  anecdote  of  (iencral 
r.ancroft  relates  to  his  reception  of 
a  delegation  of  street-railway  experts 
from  Great  Britain.  He  was  approached 
by  a  committee  of  Rostonians  appointed 
to  wine  and  dine  the  visitors,  and  was 
asked  what  the  Hoston  Elevated  Corn- 
pan}-  would  do  in  the  way  of  entertain- 
ment. 

"Gentlemen,"  said  he,  "we  arc  not  in  tiie 
entertainment  business.  Our  work  is  to  pro- 
vide the  citizens  of  Boston  with  tlic  best  trans- 
portation we  can.  If  these  Rentiemen  from 
'  .reat  Britain  want  to  study  the  workings  of 
•ur  system,  we  sliail  he  very  glad  to  extend  to 
tliem  every  possible  facility  for  so  doing;  but 
no  banquets,  no   iiinkets." 

Such  an  attitude  toward  purposeless 
interruptions  of  the  course  of  every-day 
business,  is  thoroughly  characteristic  of 
the  man  and  of  the  organization  he  di- 
rects. Downright  efficiency  is  the  watch- 
word throughout.  Of  course  the  im- 
portance of  such  leadership  is  well  under- 
stood these  davs.     Inrleed.  figures  prove 


*  General  Bancroft's  portrait  forms  the  frontispiece  in 
this  number. 


wikii  •  \ri\ono  know*-.     Rorent  ""f  ' 

investigations  into  the  conduct  oi  , 

-schools,  by  Dr.  J.  M.  Rice,  editor  of  7/i«- 
I'oniin,  have  <lciuonstratc<|  that  invari- 
al)ly  the  entire  restjits  of  the  efTi  • 

school  rellect  the  personal  ciiarac:   

of  the  supervising  princi|)al ;  th.it  t-vfn 
the  work  of  a  very  fjoixl  cl;i 
.serving  under  an  inefficient  iiriiaip.u  laus 
to  compare  favorably  with  the  work  of 
a  naturally  poor  teacher  who  has  had  the 
fortime  to  be  gui<Ie(l  by  a  go<M|  chief, 
.Similarly,  in  great  industrial  organiza- 
tions, the  qualilicati(jns  of  the  leader,  or 
his  want  of  definite  qualifications,  men- 
tally reappear  in  the  entire  system  en- 
trusted to  his  charge.  As  director  of  an 
industrial  enterj)rise  that  has  been  nota- 
bly successfid — anri  in  a  field  where  there 
have  been  plenty  of  failures — (leneral 
I lancroft  certainly  d.      ■  '    •      •     i 

The  story  of  this  ,    '  -i 

dent  is  that  of  the  middle-class  American 
born  neither  to  |)overty  nor  to  riches,  and 
possessed  happily  of  fjarents  and  rela 
tives  who  a|)preciated  the  advantages  of 
education  and  of  a  favoring  environ- 
ment. 

William  A.  Bancroft  was  born  at  «ii'> 
ton,    .Mass..   April   2().    i<^55.   tin-   son   of 
Charles  and   Lydia    F..     Bancroft.      His 
father   was   a   well-t  lariner,   a   tie 

scendant  <tf  a  fine  old  .\ia>>achusetts  frr  ■ 
ily.     The  boy  was  e<lucate<I  in  t1i<-  :■  • 
schools  and  at  Lawrence  Aca<!  his 

native  town.     I  le  later  enter< 
I'.xeter  >\cademy  to  prepare  i>n 
and  was  graduated  in  1S74.     I*'^-- 
later   he   received   his   A.    B.  ■•' 

Harvard.     While  in  college,  b- 
taiti  and  stn>k<-oarsmar     '  *' 
University  crrws  that 
the  Yale  crews  on  ; 
London,  Conn.,  in  \ 

I  lis  athletic  fi" '<•>-  >•• 

fnrt.-.r  in  his  .-. 

ral  Bancroft's  v 
in   military   matters 
peramental  inheritance 
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clnisctts  ancestors.  The  Bay  State  has 
always  hecii  a  luirsery  of  flighting  men. 
It  furnished  ahnost  lialf  tlie  entire  quota 
of  Revohitionary  soldiers,  and  far  more 
than  its  i)roportionate  share  of  volunteers 
in  the  War  of  the  Rel)ellion.  Even  in  the 
War  of  i!^i2  and  the  Mexican  War,  hoth 
of  which  were  somewhat  against  the  New 
England  conscience,  very  large  contin- 
gents went  forth  from  the  Bay  State.  It 
is  not  t(w  much  to  say  that  the  spirit 
wliich  led  the  Xew^  England  farmers  to 
gather  on  the  village  green  at  Lexington, 
and  which  sent  the  Sixth  Massachusetts 
scurrying  to  the  front  in  '6i,  is  reincar- 
nate  in  General  Bancroft. 

While  still  a  freshman  in  college,  in 
1875,  he  joined  the  ^Massachusetts 
militia,  hecoming  captain  of  his  com- 
pany in  1879,  and  colonel  of  his  regiment, 
the  Fifth,  in  1882.  Under  his  command, 
the  regiment  was  always  one  of  marked 
efficiency  ;  and  in  1889,  on  account  of  its 
military  excellence,  it  was  detailed  as 
escort  to  the  Massachusetts  delegation  at 
the  centennial  celebration  of  the  inaugu- 
ration of  \\'ashington  in  New  York. 

General  Bancroft  subsecjuently  became 
senior  colonel  of  the  Massachusetts 
militia,  and,  while  holding  this  rank,  took 
command  of  the  Second  Brigade  on  the 
mobilization  of  all  the  State  troops  in  Bos- 
ton in  1895.  In  July,  1897,  he  was  imani- 
mously  elected  brigadier-general  of  the 
Second  Brigade;  and  in  May,  1898,  he 
was  appointed  by  President  McKinley 
a  brigadier-general  of  United  States 
Volunteers,  and  was  assigned  to  the  com- 
mand of  the  Second  Brigade  of  the  Sec- 
ond Division  of  the  7th  Army  Corps, 
with  which  he  remained  during  the  Span- 
ish \\'ar,  up  to  the  cessation  of  hostili- 
ties, when  he  resigned  and  was  honor- 
ably discharged.  In  1901  he  was  placed 
on  the  retired  list  of  the  militia,  with 
the  rank  of  major-general.  Since  then 
he  has  been  president  of  the  officers'  ex- 
amining board. 

These  facts  regarding  General  Ban- 
croft's military  record  are  worth  insisting 
upon,  because  of  their  bearing  on  the 
problems  of  his  present  work  as  presi- 
dent of  the  great  street-railway  system, 
the  fourth  in  size  and  the  first  in  effect- 
iveness in  the  United  States.  This  offi- 
cial has  the  military  disposition.  He  is 
a  born  general,  a  born  fighter.     He  has 


played  his  part  in  the  martial  activities  of 
his  generation.  During  the  greater  part, 
however,  of  his  career,  his  abilities  have 
been  turned  to  excellent  advantage  in 
peaceful  directions — an  illustration  of  the 
familiar  contention  made  by  peace  ad- 
vocates, that  the  fighting  temperament  ^ 
need  never  go  to  waste.  There  is  always 
need  enough  of  fighting  elsewhere  than 
on  the  tented  field. 

Another  part  of  General  Bancroft's 
training  has  helped  to  make  him  a  power 
in  the  technical  world.  He  has  had  his 
share  in  public  life.  In  1881  he  was 
elected  to  the  Common  Council  of  Cam- 
bridge. In  the  following  year,  he  was 
chosen  a  representative  in  the  Massa- 
chusetts Legislature,  and  was  twice  re- 
elected. In  1890  he  consented  to  serve 
on  the  board  of  aldermen,  and  w^as  re- 
elected the  following  year,  being  made 
president  of  the  board  for  both  terms. 
In  1892,  on  a  reform  ticket,  he  was 
elected  Mayor  of  Cambridge,  and  served 
during  four  successful  terms.  He  gave 
that  city — one  in  which,  despite  the  pres- 
ence of  a  great  university,  the  forces  of 
graft,  greed,  and  corruption  have  often 
been  singularly  rampant  —  a  clean, 
straight  administration.  He  turned  out, 
furthermore,  to  be  a  picturesque  official, 
putting  in  longer  and  more  strenuous 
hours  at  his  office  in  City  Hall  than  the 
average  mayor  expects  to  work,  and 
often  greeting  the  schemes  of  the  grab- 
bers with  strange  oaths  such  as  only  sol- 
diers use.  Indeed,  charges  of  profanity 
were  sometimes  preferred  against  him  by 
pious  pilferers  whose  schemes  he  had' 
spoiled ;  but  the  better  elements  in  Cam- 
bridge felt  toward  General  Bancroft's 
swearing  much  as  President  Lincoln 
toward  General  Grant's  whiskey :  they 
only  wished  that  other  city  officials  w^ould 
adopt  something  of  the  same  style. 

The  interest  of  the  present  president 
of  the  Boston  Elevated  Company  in  the 
problems  of  street-car  transportation, 
dates  back  to  1885,  when  he  left  the 
practice  of  law  to  become  superintendent 
of  the  Cambridge  Street-Railway  Com- 
pany. General  Bancroft,  in  his  posi- 
tion as  superintendent,  had  excel- 
lent opportunities  to  become  practically 
acquainted  with  all  the  details  of  the 
work.  He  gave  an  effective  management 
from  the  financial  point  of  view ;  and  in 
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18S7,  when  all  l)Ut  thirty  of  the  650  cm* 
l)l<)yees  of  the  road  went  out  on  a  strike, 
■hIkIi  were  his  tirnniess.  ejieri^y,  and  or- 
•;aiiizin«,'  ability  that  in  a  short  time  all 
t)t  the  company's  twenty-two  lines  were 
in  full  operation  with  new  men.  In  spite 
of  his  (leternu'ned  attitude,  the  strikers 
admitted  his  ahsolute  fairness,  and  al- 
ways accorded  him  their  personal  respect. 
l"or  sojiie  time,  General  I'.ancroft  was 
ilso  roadmaster  of  the  West  I'Jid  J^treet- 
Kailway  Company,  with  J40  miles  of 
track,  lie  left  the  street-railway  husi- 
ne>s  in  1890.  and  returned  to  the  law. 

There  came  about,  however,  within  a 
few  years,  a  ])ositive  demand  for  his  re- 
turn to  street-raiIroa<liuij^.  Ambitious 
plans  were  afoot  for  i^ivinfj  I'oston  the 
uKtst  pro»^ressive  and  coui])lete  street- 
railway  system  in  the  I'nited  .States. 
What  this  task  involved,  only  tho.sc  who 
remember  the  desperate  conilition  of  traf- 
fic in  I'loston  in  the  late  eit^hties  can  un- 
derstand. At  the  time  the  electrics  were 
first  beinj^  introduced,  the  conpfcstion 
'  aused  in  the  central  i)art  of  Boston  by 
die  inpourin^j  of  cars  from  all  ])oints  of 
the  ct)mpass  over  lines  independent  of 
ach  other,  was  beyond  description.  Re- 
lief had  to  be  found  in  the  buildinj:^  of  a 
subway,  atid  in  the  subsecpient  construc- 
tion of  an  elevated  road.  The  result,  as 
all  the  world  knows,  is  the  Boston  I^le- 
vat«.<l  Railway  Company  of  to-day.  to 
which  the  .Massachusetts  r.e£jislature  has 
i^ranted.  with  .salutary  restrictions,  a 
virtual  monopoly  of  the  street-railway 
business  of  the  Xew  Enijland  metropolis. 

In  the  development  of  the  plans  of 
>uch  an  undertakinjLr,  it  was  only  natural 
that  account  should  be  taken  of  the  na- 
tive ability  and  ac(|uired  e.\])crience  of 
the  former  superintendent  of  the  Cam- 
bridi^a'  com])any.  In  itS(/»  (icneral  Ban- 
croft was  chosen  counsel  for  the  lioston 
Mlevated  Railway  Company  :  and  in  the 
followine^  year  he  was  elected  a  director 
and  vice-president.  In  i8()<)  he  was 
made  president  of  the  company — an 
office  which  he  still  holds. 

In  this  position,  the  severe  militarv 
habits  which  the  man  has  cultivated  all 
his  lifetime  have  asserted  themselves,  to 
the  permanent  benefit  of  the  company 
and  of  the  community  sers'ed  by  it. 
Every  car  line  in  and  about  the  "Hub  ' 
is  under  his  direct  personal  supervision. 


His  vi}.jilance  is  never  rtlaxrd       Tlio-^. 
Bostoniatis  who  ri>e  earl\  ai  aj»t 

to  be  familiar  with  the  si 

horseback  j^allopinj^  up  as*-.    -.( 

the  surface  lines  of  the  suburbs.  This 
is  the  General's  staple  anuiscment.  his 
recreation  for  llu-  da\ .  to  ri>.«-  at  six  an<i 
ride  for  an  hour  before  breakfast,  al 
ways  in  the  dirrcti«)n  of  .sona-  branch  ni 
the  service  where  his  attention  may  Ik* 
needed.  It  is  a  bif.;  pl.ant  which  lie  ha* 
to  overhxik,  one  involvinj;  alniul  '.:' 
miles  of  track  and  .subway,  oper. 
more  than  3.4CK)  cars,  and  employinj»  tip- 
wards  of  7.o<K)  men:  an«l  only  a  very 
alert  man  can  be  familiar  with  it  all. 

In  accordance  with  General  Baiicroft's 
ideas,  the  Boston  l*'Icvated  Company  has 
evolved  methods  of  dt-alin;;  with  its  em- 
ployees which  keep  them  free  from  the 
sour  and  sullen  disposition  .sometimes  ob- 
servable in  j^reat  organizations.  The  aj)- 
plication  of  the  merit  system  in  the 
choice  .and  promotion  of  employees,  to- 
i^ether  with  the  a«loption  of  the  most 
tj^enerous  .scale  of  waj^es  kn<nvn  to  the 
street-railway  world,  has  n-sulteil  in 
brinj.,dnj^  to  the  .service  of  the  I'.levated 
Company  a  body  of  employees  who  in- 
variably impress  visitors  in  Boston  with 
their   efficiency   an<l   ci      '  .\    -' 

time  ai;o  a  pension  sy.-; .is  ado; 

which  assures  the  men  jirotection  aiijainst 
•  lisability   due   to   old   ape  or    acci«lent. 
Duriufx  the  c<ial  fanu'ne  of  two  years 
the  company  imported  coal  by  the 
load,  and  .sold  it  to  all  its  enjpl 
Cost    price.      There    is.    I)esij|es.    Kiven 
at  the  end  of  the  year  to  each  employee 
who  reaches  a  certain   standar<l,  $15  in 
j^^old.    The  siuji  of  sixty  thousand  dollars 
was  .so  distributed  la.st  year,  and  t' 
amount     of     money     in     the 
year. 

It  is  only  natural  that  :< 
eral  Bancn^ft's  fore 
be  |)ro  '   in  the    ^ 

niatcr.  nl  T'nivr- 

was    (  t|'i* 

alumni  of  tb 
r.oard   nt  '  '• 
in    i-S"/;   1 
In  1903  he  V. 
of  the  Harvard 
ment    Dnv.    tV- 
li(  mor  wir.t  h 
a  Harvard  man. 
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This  historic  tree  is  still  standing,  near  Harvard  University.  Under  its  drooping  branches  was  enacted  one  of 
the  most  thrilling  scenes  in  American  history,  when  General  Washington,  on  July  3,  1 775,  took  command  of  the 
American  Army  as  Commander-in-Chief  of  the  Continental  forces. 

(6*-) 
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Witches'  Hill,  Salem,  Massachuselts.     This  spot  is  the  alleged  site  of  the  gallows  on  \>WkU  wilche*  wrtr  I, 
during  the  witchcraft  craze  toward  the  end  of  the  seventeenth  century. 


The  first  church  at  Salem.  Massachusetts  — the  famous  Roc-T  W-l'' 
so  much   controversy  as  to   authenticity,     it  stands  back  of  the   Lj-- 
histonc  town. 


..  cooccming  v.K«r!i  tK'-tr  K»i  t*»« 
?,  and  is  ooe  of  1'  '  '  "^ 
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/^XE  of  the  novel  features  of  the  re- 
^^  cent  Railway  Appliance  Exhibition 
in  Washington.  D.  C,  which  it  is  be- 
lieved will  result  in  a  large  government 
order,  and  later  perhaps  in  a  revolution 
in  mail-car  construction,  was  a  full-sized 
mail  coach,  which  stood  on  its  own  track 
and  was  the  object  of  close  inspection 
by  many  of  the  officials  of  the  Post-Office 
Dej^artment.  The  car  was  the  product 
of  the  shops  of  a  company  in  Pittsburg, 
Pa. ;  and  it  is  the  first  steel  mail-car  ever 
manufactured.  The  particular  car  on 
exhibition  w'as  constructed  for  the  Erie 
Railroad  System  according  to  specifica- 
tions planned  by  the  car  company,  ex- 
cept as  regards  interior  equipment,  which 
was  designed  by  the  Erie  Railroad. 
The  car  complete  weighs  100,700 
pounds ;  and  inside  is  65  feet  long  and 
9  feet  2  inches  wide,  with  a  carrying 
capacity  stated  at  80,000  pounds.  The 
outside  of  the  car  is  covered  exclusively 
with  steel  plates,    pressed    steel    shapes. 


Standard  Steel  Mail-Car. 

This  is  the  first  steel  mail-car  made ;  it  is  fireproof  and  many  times  stronger  than 
the  ordinary  mail  coach,  and  no  heavier. 

(6JS) 


and  standard  steel  shapes,  ranging  in 
thickness  from  34  3,nd  3-16  of  an  inch 
on  the  sides  to  Y^  and  }4  inch  on  the 
ends.  About  15,000  rivets  were  utilized 
in  construction,  ranging  from  %  inch 
down  to  y%  inch  in  diameter,  the  smaller 
sizes  being  used  only  on  the  roof.  The 
entire  car  has  been  constructed  for  serv- 
ice and  heavy  usage ;  consequently  only 
the  most  approved  types  of  fixtures  and 
equipment  have  been  utilized.  The 
trucks  are  six-wheel,  5  by  9  journals, 
these  being  extra  heavy  and  of  the  latest 
improved  pattern,  weighing  in  all  40,600 
pounds.  With  the  exception  of  the  in- 
terior woodwork,  including  letter-cases, 
paper-cases,  and  doors,  steel  is  the  only 
material  used  in  the  car ;  and  as  a  further 
safeguard  against  fire,  every  stick  of 
wood  used  is  fireproofed  and  guaranteed 
not  to  flame.  Inside  the  car,  composite 
board  Y^  inch  thick  is  used  as  lining  on 
the  sides  and  ends,  and  Y\  thick  on  the 
roof.  Further  there  is  a  lining  of  heavy 
felt  Y\  inch  thick,  between  this  inside 
lining  and  the  steel  plates  outside,  both 
to  deaden  noise  when  the 
car  is  in  motion  and  to 
keep  the  car  warm  in 
winter  and  cool  in  sum- 
mer. 

The  same  type  of  con- 
struction is  used  in  the 
floor.  Here  there  is, 
first,  a  wooden,  inside 
floor  ;  then  a  five-inch  air 
space  ;  and  next,  another 
w  bite  pine  deafener 
floor,  lined  with  felt. 

The  car  is  fitted  up  in- 
side with  a  Baker  dou- 
ble-coil heating  appara- 
tus,    using     either     hot 
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waur      from     the    stove     provided     in 
the  car,  or  steam   from  the  locomotive ; 
acetylene    hiihtinj^.    with    a    system    of 
safety  storage  wliich  iloes  away  with  the 
necessity    of    carryinj^    unwieldy    gener- 
ators, and   which   utilizes  only    a    small 
storage  tank.     I-'urther.  there  is  a  lava- 
tory, closed  locker,  ice-water  tank,  wash 
tank,     anil     wash-howl.       Without     the 
trucks  the  car  weighs  f)0,ooo  pounds,  ap- 
priiximately,    for  a    r)5-f()ot     hody.      <  H 
particular   interest    is   the    fact   that   this 
car.  notwithstanding  the  vast  increase  in 
strength  gained  through  the  use  of  steel 
and     through     the     utilization     of     the 
heaviest   trucks   and   fixtures,    does    not 
weigh  any  more  than  the  latest  types  of 
wooden  car  of  the  same  size,  and  in  some 
cases  weighs  less.     On  the  ends,  the  car 
will  figure  twelve  times  stronger  than  the 
latest  design  of  wood  car  in  service  to- 
dav.     Great   interest  was  manifested   in 
the  car.  hoth  when  on  exhihition  in  Pitts- 
burg for  several  days  before  its  tri])  to 
Washington.aiul  during  the  Railway  Ap- 
pliance Exhibition.  Prominent  postal  offi- 
cials,  railroad   men.    an«l    railway    mail 
clerks  visited  the  car  and  enthusiastically 
praised  its  advantages. 


AXEW   gas   engine   of   German   de- 
sign,  which   is  being  brought  out 
in     Munich     by    the     Ciildiicr-Motorcii- 
Gcsi-llscliaft.  seems  to  realize  a  consid- 
erable  improvement   in   efficiency.     The 
satisfactorv   figures   obtained   in   connec- 
tion with  the  tests  so  far  made,  are  due 
mainly  to  the  novel  arrangement  of  the 
mixing,  igniting,  and  regulating  devices. 
The  motor,  as  seen  from  the  acccim- 
panying  photograjih.   is   of   the   vertical 
type  with  crank  shaft  below,  where  the 
familiar    double-beam    A-shaped    frame, 
derived  from  steam  engine  construction. 
has  been  used  to  advantage.     In  the  up- 
per end  of  one  of  the  two  beams,  is  lo- 
cated the  governing  shaft,  driven   from 
the  crank  axle  by  means  of  a  vertical  in- 
termediate shaft.'    Its  cams,  by  means  of 
vertical  steel-tube  rods,  actuate  the  inlet 
and  outlet  valves,   which  are  located  in 
the  cvlinder  casing.     The  working  cyl- 


in<ler,  owing  to  this  ingenious  ari.nu; 
ment   of   the   governor   and    val\e.    \>   ;i 
smooth  tulje,  free   from  an>    j  '         '     iis 
that  would  interfere  with  a  s\  al 

heat  expansion  in  the  cross-.scclion  of  the 
bore ;    and,   similarly,   the   int« 
pression    chamber    is    purely    .  .u 

and  free  from  any  chatuuls  aH'    .  ts. 

Between  the  valves.    an»l    surrounde*! 
like  these  by  a  water  jacket.  i>  ! 
the  electric  ignition  device,  the  i>;.iii.   ^i 
current    beinir   :uiplie«l   by   a    I'osch   a|>- 


1  1. 


b 


■. c,\s  twijinr-. 

paratus    mounted    alnne    the    governor 
shaft,  an<l  move«l  by  it.  so  that  the  m 
ment  of  ignition  is  readily  atljusle<l  '• 
hand  without  stopping. 

The  regulation  of 
throttling  the  cylind^. ; 
position  of  the  charge 
simultaneously  with  tb 
to  maintain  a  safe  igniii-u 
any  '■•'"^ 

(  0  combustion 

efficient  position  of   tl 


inder  with  sn-.''"t!i 
tates    a    thorough 
haust  • 
of  the   ..- 
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judicial  to  complete  ignition.  As  the  com- 
bustion i.^  started  in  the  center  of  the 
compressed  charge,  whence  it  may  spread 
to  .all  sides  by  the  shortest  possible  paths 
through  the  wliolc  charge  of  the  cylinder, 
a  high  heat  etificiency  is  ol^tained. 

A  number  of  accurate  tests  have  been 
made  by  Prof.  M.  Schroter  on  the  first 
CluKiner  motor  constructed  in  Munich, 
from  which  it  is  clear  that  this  new  type  of 
engine  has  a  very  promising  future.  Six 
tests  were  made,  working  with  lighting 
gas  and  on  loads  varying  from  half  to 
full.     These  showed  a  remarkable  reg- 


ing  power  of  7.780  (metric)   heat  units 
per  kilogram   (2.2046  pounds). 

As  regards  the  performance  of  larger 
types  of  Giildner  motors,  quite  similar 
results  were  obtained.  The  compara- 
tively low  increase  in  the  consumption  of 
fuel  with  the  output  in  the  case  of  an 
imperfect  utilization  of  the  motor,  was 
a  chief  feature.  It  should  be  mentioned 
that  the  satisfactory  figures  recorded  by 
Professor  Schroter  were  obtained  with 
relatively  low  compression.  In  fact, 
whereas  most  suction  gas  motors  work 
with  normal  pressures  up  to   10  or   12 


TRAVELING  TELEPHONE  EXCHANGE. 


ularity  of  speed,  varying  only  between 
210.7  ^"d  214.5  revolutions  per  minpte. 
With  the  best  tests,  a  heat  efficiency  of 
42.7  per  cent  was  recorded.  It  should 
be  remembered  that  other  engines  work- 
ing on  lighting  gas  do  not  generally  show 
an  efficiency  higher  than  30  to  33  per 
cent.  With  suction  gas  operation,  the 
results  were  equally  satisfactory,  show- 
ing an  indicated  thermal  efficiency  of 
nearh^  29  per  cent,  including  losses  in 
the  producer  and  washer.  The  anthra- 
cite used  contained  on  an  average  85.18 
per  cent  of  carbon,  3.49  per  cent  of  hy- 
drogen, 5.36  per  cent  of  ashes,  and  1.97 
per  cent  of  carbon,  having  a  mean  heat- 


and  frequently  15  atmospheres,  the  Giild- 
ner uses  with  its  indicated  output  a  pres- 
sure equal  to  about  8  atmospheres,  in- 
creasing up  to  II  or  12  atmospheres  only 
with  the  highest  loads,  because  of  the 
greater   cylinder  charge. — Dr.   A.    (jRA- 

DENWITZ. 


'T'HIS  picture  illustrates  a  traveling  tel- 

■■•    ephone   exchange,  which   formed  an 

exhibit  recently  in  a  parade  in  Baltimore, 

Md.     The  exchange  included  a  complete 
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tcle|)honc  outfit.  From  the  poles  ujhmi 
each  end  of  the  tniL-k,  were  struuj^  eahlcs 
and  wires,  leachnjj^  to  a  "eeiitral  ex- 
change" placet!  just  hack  of  the  forward 


cTSn 
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watir  aj^^aiiist  c<>iupai  h  In.i.N, 

havf  Ihvu  ihr  iiu-.(  , 

new  class  lit   punij-     .i 
Richards.    M.    I...  Ul. m^ 

coin] H mud iti^    cruiriiu^'al    |iun)|>s    (••r 

the  purpose  of  r^a^•hM^^i  ' 

than    could    Ik*    succ« 


?~  -         fF"  ^^''''  sin),;l«-runn«  r  ct - 
tTY\T^  ^   ^1    'fl     These  punips  are  unit  niaclune.s  c 
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pole.  From  this,  wires  led  to  a  tahle  at 
the  rear  end  of  the  wa.sjon,  where  "cen- 
tral" was  called  up.  and  conununication 
ohtained  with  anotlier  telephone  near  the 
driver's  seat. 


IT  is  said  there  is  a  new  ]iump  conceived 
^  every  minute;  hut.  upon  inspection,  it 
is  usually  found  that  the  alle.ijed  new  in- 
ventions are  hascd  on  old  and  tried  ])rin- 
ciples. 

The  demands  of  the  Pacific  sloj^e  for 
I)umps    to    handle    larj^^e    cpiantities    of 


sisting:  of  two  and  three  runners,  and 
have  heen  exi)loited  hy  a  tmmlu-r  of  man- 
ufacturers with  fair  suc' 

With   the   (1  lent    oi    the 

falls,  the   <:e!Ui.i  ••  '     ':•••■'•••     ,,     .. 

electric  currents.  .  for  a 

rotary  pumj)  that  could  Ik*  directly  con- 
nected t(j  electric  motors,  and  thai  would 
he  independent  of  speed  ■  •■  'he  law  of 
falling  hodies.  as  in  tin  -f  o-ntri- 

fugal  pumps,  for  its  capacit 
To  Mr.  John  "li'eatni.-m.  ><i  \ 

Iron    Works   of   ."^an 

California.  I)elnni,'s  tlv 

achieving  tin 

in     the    acconipan>iiiK     !■ 

T;  tis.     The     nirr  •' '  ■  *•"• 

i1m>  pump  put    ' 

whicli  make  i  'lU  fri 
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other  rotating  pump  manufactured: 
First,  that  their  pumps  have  a  definite 
capacity  for  a  definite  sjieed  ;  second,  that 
thev  liave  a  constant  and  uniform  How 
thronglioul  the  pum|>,  and  that  this  flow 
is  so  slow  that  the  frictional  and  kinetic 
losses  are  rechiced  to  such  an  extent  that 
the  total  ])ump  efticiency  is  much  im- 
pnned. 

■['he  modus  operandi  is  exceedingly 
simple.  The  pump  is  supplied  with 
water  hy  atmospheric  or  static  pressure, 
as  occasion  demands,  as  in  other  pumps, 
at  tiie  usual  rate  of  6  to  lo  feet  a  second. 
The  jnuup  heino^  primed,  the  rotating:  im- 
peller of  the  first  case  passes  the  water 
outward  in  a  uniform  flow  to  the  per- 


and  raised  to  the  top  of  the  wheel,  where 
thev  empty  themselves  into  the  conduit. 
These  wheels  are  used  in  the  United 
States  for  waterin,^-  farms  and  gardens. 
The  view  is  an  illustration  of  how  water 
can  actually  be  made  to  flow  "up  hill"  by 
its  own  power. 


Tallest  ClhainmKike^  Im. 

THE  chimney  shown  in  the  accompany- 
inar  cut  is  connected  with  the  refin- 
ing  works  of  the  Orford  Copper  Com- 
pany at  Bayonne,  N.  J.     It  may  easily 
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WATER  WHEEL  RAISING  WATER  OF  STREAM  TO  HIGHER  LEVEL. 


iphery  of  the  impeller,  into  the  first  cir- 
cular case,  where  the  same  is  conveyed 
through  ports  blocked  in  the  case  to  the 
center  of  the  second  impeller ;  and  so 
on  until  the  same  reaches  the  discharge 
case,  when  the  water  is  led  away  to  its 
destination.  The  multiple  runners  have 
effected  the  necessary  pressure  to  main- 
tain discharge. 

These  pumps  are  compact  and  of  neat 
design,  and  are  especially  adaptable  to 
use  where  high-head,  high-speed  pump- 
ing is  required. 


Wates-  Flow®  ''^J-p  miW' 

T~'HIS  picture  shows  how  a  river  actual- 
■^  ly  lifts  its  own  water  far  above  its 
surface.  The  great  wheel  is  turned  by 
the  river  current,  and,  as  it  revolves, 
buckets  in  its  rim  are  filled  with  water 


be  seen  from  the  lower  end  of  Manhattan 
Island  or  the  Bay.  The  structure  is 
really  a  remarkable  piece  of  building,  its 
top  being  nearly  400  feet  above  sea-level. 

The  problem  of  construction  was  a 
difficult  one  owing  to  the  fact  that  there 
was  not  much  besides  mud  upon  which 
to  build.  The  foundation  primarily  con- 
sists of  360  high  piles,  spaced  two  feet 
between  centers,  and  driven  down  to 
hard  pan.  On  top  of  these  is  a  solid 
mass  of  concrete  45  feet  square,  15  feet 
deep,  and  weighing  nearly  2,000  tons. 
Practically  all  of  the  foregoing  is  below 
ground ;  and  the  chimney  proper,  start- 
ing from  the  upper  face  of  the  concrete 
base,  rises  to  a  height  of  365  feet. 

The  outside  diameter  near  the  base  is 
about  28  feet,  and  at  the  top  12  feet,  the 
walls  themselves  tapering  from  a  thick- 
ness of  nearly  four  feet  at  the  base  to 
slightly  less  than   11   inches  at  the  top. 
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Tallest  Ciiimnkv  in  Aukkica. 
Orford  Copper  Company,  Bayonne.  N.  J. 

riie  structure  is  therefore  lo  feet  inside 
diameter  at  the  very  toji,  and  is  on  that 
account  called  a  lo-foot  chinnicy.  The 
\vcii4ht  i)f  the  superstructure  is  over  2,- 
5(X")  tons.  The  cost  of  the  whole  thinj^^ 
was  over  $50,000.  which,  as  chinuieys  gfo, 
may  he  considered  a  small  fortune. 

If  one  wouM  know  the  reason  for  this 
umisual  expenditure,  he  has  hut  to  look 
for  his  answer  at  the  j^^reat  clouds  of 
white  smoke  which  continuously  pour 
forth  from  the  mouth  of  the  hollow 
diaft.  This  smoke  is  not  of  the  ordinary 
variety,  but  is  heavily  surcharged  with 
acid  ij^ases,  which  nuist  be  carried  u])  to 
a  dizzy  heij^ht  in  order  to  be  properly 
dispersed  and  carried  above  the  nearby 
hills  of  Staten  Island  and  Jersey  Heirjhts. 

The  chinuiey  has  now  stood  the  test 
of  over  four  years  of  hard  service,  buf- 
feted by  winds  from  without  and  j^^aseous 
explosions  from  within.  Remarkable 
stfiries  are  told  of  the  j^yrations  of  the 
chinuicv  top  durinij  heavy  wind-storms, 
\et  it  continues  to  stand,  a  striking^  mon- 
ument of  human  daring  and  int:^enuity. — 
.\.  I.  (  )uu;lev. 


wild  swaying  lii^jli  over  the 

j^orjje    hi-iuniing    in    the    nn(,;b«\     ti\.r 

Sometimes,  indeed,  even  t' 

made  and  prinntive  "briil^,  1 

nothinj^  more  than  three  <>r  four  vcirc- 

table  rofK-s  and  a    ptdley    ar 

where!))'  the  passenj^er.  el-  my 

with  arms  and  lej^s.  is  <Ira^,_  >. 

^o  many  accidents  hap|K'n  in  this  way, 
however,  that  the  Pathan  |Kistmfn  wh«> 
carry  mails  from  the  Indian  hilt-statioii 
of  Darjeeliii}^,  up  throniLjh  the  ;jr«at 
passes  into  I.adak.  Chitral.  Afuhanistan, 
and  Thibet,  will  not  entrust  thrir  v;ifety 
to  these  swinginj:^  n)pe  l)ridf^e>,  but  •  • 
fer  to  cross  the  streams  on  the  ini 
skins  of  poats,  bulls.  an<I  yaks — another 
method  almost  ini|)ossible  for  the  white 
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Liver  Crossis^^  imi  India 


.siHO  Rivro  " 
A  accne  ii> 


man,  so  dex" 


A  W.\^'  uji  in  the  Himalayan  mountains 
•**•  — the  hitrhest  in  the  known  world — 
the  nianv  gitjantic  rivers,  such  as  the  In- 
dus, have  practicallv  no  bridges  at  all;  a  rapid  turn 
but   on    much-used  'caravan    routes,   the  consequent  ■ 
traveling  merchants  arrange    most    pre-  These  curioi: 
carious  spider-like  structures  of  vegetable  portable  :  and  when  ti 
ropes,  vines,  and  planks,  which  none  but  tb 
a   native  can   cross,  by   reason   of  their  sIk-.^-  .v  ..  — ,     .-> 
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Number  Seventeen — Producer  Gas 


TI I E  most  common  method  of  get- 
ting  energy  from  coal  is  to  trans- 
fer the  heat  from  the  coal  to 
water,  and  use  the  steam  thus 
formed  in  a  steam  engine.  This  plan, 
although  much  used  and  in  many  cases 
well  suited  to  the  work,  is  not  very  eco- 
nomical, as  it  requires  from  23^4  to  6 
pounds  of  coal  per  horse-power  per  hour. 
Another  way  of  stating  the  performance 
is  to  say  that  the  steam  boiler  and  engine 
make  available  only  about  12  per  cent 
of  the  energy  in  fuel. 

The  gas  engine,  if  operated  with  a 
cheap  gas,  will  develop  i  horse-power  on 
I  pound  of  coal,  and  makes  available 
from  20  to  25  per  cent  of  the  energy  in 
the  fuel.  The  reason  for  this  great  dif- 
ference in  efficiency  is  the  greater  tem- 
perature of  the  gas.  In  the  steam  engine, 
400°  F.  is  a  high  temperature  ;  but  the 
gas  engine  shows  1.800°  to  2.000°. 

Thermal  efficiency  depends  upon  the 
range  of  temperature ;  that  is,  if  steam  or 
gas  in  the  cylinder  begins  its  work  at 
high  temperature  and  leaves  the  cylinder 
comparatively  cool,  the  efficiency  wall  be 
high. 

The  above  statements  regarding  percentages 
and  efficienc}'  mean  much  more  to  the  engineer 
than  to  the  business  man.  For  the  latter,  let 
us  say  that  i  horse-power  developed  by  a 
steam  engine  costs  about  Yi  cent  per  hour ; 
while  the  same  power  can  probably  be  obtained 
from  the  same  coal  if  a  gas  engine  is  used, 
for  less  than  J4  cent. 

Producer  Gas 

High  efficiencies  do  not  prove  that 
financial  gain  will  always  result  from 
using  a  gas  engine.  In  fact,  if  a  gas  en- 
gine is  supplied  with  ordinary  illuminat- 
ing gas  at  75  cents  to  Si  per  1,000  cubic 
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feet,  the  cost  of  power  would  be  about 
the  same  as  in  the  case  of  a  steam  en- 
gine, even  if  the  thermal  efficiency  w^ere 
much  greater.  This  is  because  of  the 
high  cost  of  illuminating  gas.  To  get 
the  full  advantage  of  a  gas  engine,  the 
gas  must  be  of  low  cost.  This  means  that, 
although  the  gas  must  be  tolerably  clean, 
it  need  not  be  made  in  retorts ;  it  does 
not  need  so  much  cleaning;  nor  does  it 
require  an  illuminant. 

The  cheap  gas  made  for  this  purpose  is 
called  "Producer  Gas,"  and  the  apparatus 
in  which  it  is  generated  is  called  a  "Gas- 
Producer."  This  gas  has  a  heat  value  of 
about  140  heat  units  per  cubic  foot ;  and 
a  pound  of  coal  w^ill  yield  about  75  cubic 
feet  of  gas. 

Producer  gas  has  only  about  one-fifth 
the  heat  value  of  illuminating  gas ;  there- 
fore five  times  as  much  must  be  used  ; 
but  the  five  times  as  much  costs  only  10 
or  12  cents,  so  that  there  is  a  saving  ap- 
proximately equal  to  the  difiference  be- 
tween 10  or  12  cents  and  75  cents  to  $1. 

Formation  of  Gas 

It  is  a  well-known  fact  that  if  coal  is 
burned  with  a  plentiful  supply  of  air, 
Carbon  dioxide  gas  is  formed  ;  this  gas 
cannot  be  burned,  because  complete  com- 
bustion has  already  taken  place.  If.  how- 
ever, the  combustion  takes  place  with  a 
limited  supply  of  oxygen,  the  gas  formed 
is  Carbon  monoxide,  which  is  combusti- 
ble. 

In  the  manufacture  of  Producer  Gas,  a  mixt- 
ure of  steam  and  air  passes  through  a  bed  of 
incandescent  fuel  in  a  closed  furnace.  The 
fuel  is  converted  into  gas,  and  only  the  ash 
remains.  The  steam  and  air  should  be  so 
supplied  as  to  maintain  a  uniform  temperature 
in  the  fire.     Too  much  steam  kills  the  fire,  and 
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increases  the  percentage  of  carbon  dioxide, 
wliich  is  muk'sirahlc.  Too  mucli  air  results 
in  a  poor  quality  of  gas.  Tlie  air  furnishes 
the  oxyf^en  for  combustion  and  for  the  carbon 
monoxide  gas.  The  steam  furnishes  oxygen 
and  also  hydrogen.  The  oxygen  from  the 
steam  renders  lumccessary  a  great  supply  of 
air,  which  would  bring  in  a  large  percentage 
of  nitrogen,   undesirable   l)ecause   inert. 

For  furnace  work— that  is,  when  the  gas  is 
to  be  used  as  fuel  beneath  a  boiler — the  Pro- 
ducer Gas  is  led  directly  from  the  producer  to 
the  boiler,  without  cooling  or  cleaning. 

For  gas  engines,  the  Producer  Gas  is  first 
cooled  in  some  form  of  cooler  or  economizer ; 
this  may  be  made  like  a  small  boiler,  having 
the  gas  in  the  tubes  and  air  surrounding  them. 
The  gas  next  passes  to  the  "scrubber."  where  it 
is  cleaned  by  flowing  through  coke  and  by 
water  spray.  After  this  process,  the  purifica- 
tion is  completed  by  passing  through  sawdust 
or  shavings.  This  takes  from  the  gas  any 
moisture  it  may  have  retained.  The  gas  is 
now  ready  for  the  gas-holder,  which  is  simply 
a  storage  tank  or  rei-'ulator. 

Types  of  Producers 

There  are  three  types  oi  ^^as-produccrs 
— the  Presstire.  the  Suction,  and  the  Au- 
tomatic. The  third  type  is  a  conihinatiou 
of  the  features  of  the  first  two. 


In   the    I'rcssure   system,   the  air  ami 

steam  are  su|tph<-d  undir  -'     '  *  '  ' ; 

and  the  ^'as  throu}.,di<iiit  tl:  ." 

to  the  enj^iuc.  is  under  pressure.     This 
type  is  adapted  to  Iarj;e  |>«)\ver.  especially 

if  several  enj^ines  take  their  ^ '■    "    -n 

the  same  prixiucer.     It  oceti; 
erable    floor    .space,    hut    is    suited 
greater    variety    of     fuel    and    cheajH  i 
grades  than  is  the  .Suction  type. 

In  the  Suction  type,  the  air  ntid  vtr?"< 
are  delivered  to  the  fuel  at  '■ 
mospheric     pressure    iK'Causi     Uk>     .«:» 
sucked    throuj.,di   the  In-d   -  *    ' 
enjj^ine  |)ist«>n.     I''»r  this  i' 
be  no  leaks  in  the  system, 
is  adapted  for  the  Rener.-r 
power  only  :  and  n     •' 
Ix'  use<l.  is  s;-.'H. 
takes  up  le- 
so  luiiform  : 
IVessure  tyi'e,  .im 
sli-!-,i 


uiui  me  •t;d>  '-i-t^'i".- 


,",..  1  1.,    (t.,- 
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News  Item 

Dr.  Bradkvtrv,  the  well-known  lecturer,  de- 
livered a  lecture  here  last  night  on  "Lunacy 
and  Lunatics."  There  were  many  present.— 
Life. 


The  Risks  of  Business 

An  absent-minded  butcher  was  asked  by  a 
young  mother  to  weigh  her  baby.  He  put  the 
little  one  on  the  scales,  and,  glancing  at  the 
dial,  remarked :  "Just  nine  pounds,  bones 
and  all.     Shall  I  remove  the  bones?" 


Gone 

The  French  admiral  strained 
his  eyes  as  he  stared  into  the 
offing.  He  could  see  nothing 
of  the  Russian  admiral. 

"Where's  Ro?"  he  demanded 
of  the  red-trousered  lookout. 

"Ro  jest  ventsky,"  the  man 
politely  replied.  —  Cleveland 
Plain  Dealer. 


Race  Suicide 

Mistress:     "Do  you  like  children?" 
Applicant  for  Nurse:     "Do  yez  ixpect  to 

git  a   Roosevelt   fer   four  dollars  a  week?" — 

Harper's  Bazar. 


Cause  for  Fear 

Teacher — And  why  was  Aloses  so  frightened 
when  he  saw  the  burning  bush? 

Isaacsteix.  Jr. — iMaype  der  bush -vasn't  in- 
sured.— Life. 


Boy  Obeyed  Orders 

The  managing  editor 
wheeled  his  chair  around  and 
pushed  a  button  in  the  wall. 
The  person  wanted  entered. 
"Here,"  said  the  editor,  "are 
a  number  of  directions  from 
outsiders  as  to  the  best  way 
to  run  a  magazine.  See  that 
they  are  all  carried  out."  And 
the  office  boy,  gathering  them 
all  into  a  large  waste-basket, 
did  so. — Washington  Life. 
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No  Overtime 

"What  happened  to  Rollignan?"  "He 
dhrowned."  "An  couldn't  he  swim?"  "He 
did.  for  eight  hours,  but  he  was  a  union  man." 
— Yonkers  Stafesiiian. 


Uneven  Distribution 

Irate  Father  : — I  thought  you  said  you 
were  worth  ten   thousand  a  year. 

Would-be  Suitor  : — Yes,  sir,  I  am — but  I 
only  get  six  hundred. 


Before  and  After  Taking 

Doctor  Quackley — A  h  ,  u  m  , 
you  say  the  medicine  I  prescribed 
hasn't  stopped  the  chills?  Did 
you  shake  well  before  taking? 

Dummager  —  Yes,  and  after- 
wards, too. — Life. 


Not  a  Single  Kick 

The  good  priest  had  come  to  his  parishioner 
after  the  funeral  of  the  latter's  mother-in-law, 
to  express  condolences. 

"And  what  complaint  was  it,  Pat,"  he  asked 
svmpathetically,  "that  carried  the  old  lady 
off?'; 

"Kumplaint,  did  ye  ask,  father?"  answered 
Pat.  "Thir  wuz  no  kumplaint  from  anybody. 
Everybody  wuz  satisfied." 


Did  Not  Need  It 

A  country  doctor  tells  this  story  on  himself: 
After  writing  a  prescription  for  a  patient,  the 
physician  told  him  that  the  druggist  would 
probably  charge  him  sixty  cents  for  filling  it. 


ni.ninyc:  oiP  steam 


Then  the  pnticnt  a<;ke(l  the  physician  to  lcn<l 
him  the  money.  Thereupon  the  physician 
carefully  scratclied  out  a  part  of  tlie  prescrip- 
tion and  handed  it  hack,  with  ten  cents,  re- 
marking : 

"You  can  have  that  filled  for  a  dime.    What 
1  scratched  nut  was  for  your  nerves." — I'hila- 


He'd  Better  Not 

"If  yoh  luishan'  heats 
you,  mehhe  you  kin  h.ih 
iiim  sent  to  de  whippin- 
pos',"  said  Mrs.  Potomac 
Jackson. 

"If  my  hushan'  ever 
heats  me,"  said  Mrs.  Tol- 
liver-(irapevine,  "dey  kin 
-end  him  to  de  whippin- 
jios'  if  dey  wants  to.    But 

till  he  gits  oul'n  do  hos- 

Star. 


dey'll   have   to  wait 
pital.  ' — \l  cishiiiiittni 


What  He  Needed 

MiKE— .\re  ye  much  liurted.  Pat?  Ho  yc 
want   a   doctlior? 

Pat — A  docthor.  ye  fule !  Afther  hrin' 
runned  over  hy  a  trolley-car?  Phat  oi  want  is 
a  lawver. 


A  Long  Term 

JCDf.E:  "The  sentence  of  the  court  is  that 
the  prisoner  he  conhned  in  prison  the  remain- 
der of  his  natural  life." 

Prisoner:     "But.  my  lord — " 

Jltvif.  :  "Not  another  word,  sir,  or  I'll  give 
you  four  years  more." — Tit-Hils. 


Would  Shock  Her 

"Papa,  what  wnuld 
you  say  if  Mr.  I'eather- 
top  should  ask  your  per- 
mission to  marry  me?" 

"Put  your  fingers  in 
your  ears,  my  daughter, 
and  I  will  rehearse  a  few 
of  the  remarks  I  shall 
prohahly  make  if  he  ever 
does." — Chicago  Tribune. 


Over  the  Wire 

Mrs.  Ncbride  (excitedly)  :    "O,  John,  please 
send  otT  a  telegram  for  me.  quick  I" 

Mr.  Nubride:     "My  dearest,  what  has  hap- 
pened?" 

Mrs.    Nubride:     "Why.   I'm   takiiiy   <.   ^'r- 
respondence  course  in  cooking,  and  the  cake  I 
made  is  running  all  over  the  oven.     I  want  to 
telegraph  them  quick  and  find  out  what  to  do. 
^-Brooklyn  Life. 


Across  the  Styx 

"Who's  I 
wliiskcrs  ;ii 

"That's  a  NajMil 

"And  that  tlicai 

"A  prominent   N 

"An.! 

"A   .\ 

"Ami  who's  the 

"Oh,     him?       '1.... ,. 

Chronicle. 


.liul 


Too  Sensitive  nn  Ordan 

"How   do   yc   get   out   o"    here "' ' 

customer   from  iK-yoii''  •'■■    ^  ^i.mT.. 

lust  himself  in  the  it 

"You    aske<l   nnr    th.u    .1    i-.  .s 
replie<l    the    floorwalker,    "and    1 
follow  your  iiosr  down  thr  .iislr  fn  lin-  k-tt  ' 

"I   did.  hegosh,  .111'  ii   Kd  mc  to  the  chc«i« 
counter !" 


The  Edit<jr's  Troubles 

Kditinc  a  iu\vspaiK.T  is  .t  iii««-  thinjj,  %:\\*  a 
Wyoming  etlitor.  If  wc  pul>li>h  jokcit,  |>c<>plc 
say    we    are    rattlf-l»rained.  -. 

If  we  don't,  we  are  fossils. 
If  we  pulilish  oriw'in.Tl  mat- 
ter, they  say  t  give 
them  enough  -  If 
we  give  them  ■^. 
they  .say  wc  are  i' ■■  1  i  \  to 
write.  If  we  don't  go  to 
church;  we  are  h< 
If  we  do,  we  are  In  t 
If  we  remain   in 

we     ought     to     he     o:ii      1     ..K- 

ing     for    news    iii-ms      If    v 

we  are  not  at*  ' 

old  clothes,  til' 

clothes,  they  say  we 

are  we  to  do?    Ji;  • 

will  s.iv  that  we  - 

So  we  did.     It's  iu^ux  ll.c  njc/'iin^  1  ■" ' 


A  Helpmate  Indeed 

A   i-opfLAR  clcrgynian,  M> 
Si.  I.oitis  Ri-r  ■ ' 
whom   he   w.i 
said  to  his   wit'e,   '  I  ii   r< 

and  r<'"  •••'  •  "'    '-■  '•  -^ 
.\ft 

St 

I). 

called  out  over  liic  i 

"Well,    '"v    .!•  .r 
bore  at  1 


h 


pr.     ... 
his   wife 


I  aui 


wi:;i  ici  .;;•.). I. 
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""FlIE  microscope  has  enabled  man  to 
■*•  investigate  the  shape  and  size  of  the 
smallest  organisms  and  of  the  most  min- 
ute parts  of  vegetable  and  animal  beings. 
This  invaluable  instrument,  however, 
fails  to  be  of  any  service  in  connection 
with  the  study  of  the  life  of  such  small 
animals  as  can  be  observed  with  the 
naked  eye  only  in  their  coarse  outlines. 
Now  this  gap  is  filled  in  by  the  bioscope, 
recently  invented  by  an  Italian  scientist, 


Fig.  1.    The  Bioscope  and  its  Inventor. 

By  means  of  this  instrument,  insect  life  can  be  minutely 
observed  in  its  natural  conditions. 


Dr.  Aurelio  de  Gasparis,  of  Naples  Uni- 
versity. By  means  of  this  instrument, 
the  life  of  insects  and  other  small  animals 
can  be  watched  closely  in  its  natural  con- 
ditions. 

The  instrument  consists  mainly  of  an 
extensible  tube,  fitted  with  a  rack,  and 
carrying  in  its  front  part  a  system  of 
achromatical  objectives  which  are  en- 
tirely free  from  any  aberrations  of 
spheroidicity,  and  in  its  back  part  an  eye- 
piece of  great  field  of  vision. 

When  placing  the  instrument  at  about 
20  to  40  inches'  distance  from  the  or- 


ganism to  be  observed,  the  experimenter 
will  see  images  of  a  quite  unexpected  na- 
ture— lively  scenes  which  no  human  eye 
has  so  far  watched,  and  which  no  paint- 
er's brush  could  depict  in  their  splendid, 
sparkling    colors.     The    eye    penetrates 


Fig.  2.    Battle  between  Two  Ants. 

into  the  most  intimate  secrets  of  the 
world  of  these  sma.ll  beings,  and  is  as- 
tounded to  note  the  striking  analogies 
with  human  life,  a  similar  struggle  for 
existence  being  the  keynote  also  of  this 
microscopic  life. 

Our  illustrations  give  some  beautiful 
specimens  of  photographs  obtained  by 
fitting    the    instrument    with    a    photo- 


FiG.  3.    An  Ant  Attacking  its  Prey,  a  Dead  Fly. 
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![jraphic  camcni.  The 
life  of  ants  affords  a 
.specially  intiTc-stinj^;  ficM 
for  observations  of  tliis 
kiinl.  In  I'li^.  J,  wo  see 
the  tierce  battle  of  two 
ants  :  wbile  in  V'\^.  ,^,  an 
ant  is  seen  as  it  attacks 
its  prey,  a  dead  tly. 

Tbis  new  instrument 
opens  up  a  (piite  novel 
field  of  biolotjical  re- 
searcli.  and  will  no  doubt 
soon  be  very  widely 
adopted,  tbe  more  so  as 
its  bandlinj^  docs  not 
necessitate  any  special  tecbnicpie  as  does 
tbe  microscope. 


A  X  oscillo.c^rapb  j^low-tube  bas  been 
^^  designecl  by  Dr.  E.  Gebrcke  and  IC. 
Kulimer,  of  Berlin,  Germany,  witb  a 
view   to   serve  as  a   complement   to   tbe 


Fn;. 
With 


2.     Osi'il.l.cii.fiAI'H  TuaK  IS 
portrait   of  inventor.   Ilrir    1. 


K»:. 


Fig.    1.       Al-TRRSATISG-CURRENT   Ct  RVK. 

Braun  tube  for  ascertaining,^  tbe  bebavior 
of  bi^b-tension  alternatinj::  currents. 
Tbe  workinj^  of  tbe  tube  is  based  on  tbe 
observation  made  by  II.  A.  \\ilson.  tbat 
tbe  nc.G:ative  .c^low  at  tbe  catbode  of  a 
Geissler  tube  will  cover  a  surface  (propor- 
tional to  the  current  intensity  as-lonj:::  as 
tbe  catbode  is  not  surrounded  coin- 
pletcly.  Dr.  Gebrcke  bas  based  on  tbis 
simple  and  bi.c^bly  remarkable  law  a 
glow-ammeter,  consisting;-  mainly  of  a 
Geissler  tube  about  40  centimeters  (,15.5 


incbes )  in  lenj:jtli  and  d  centimeters  (2.4 
incbes )  in.witltb.  containinj^  two  axial 
electrode  wires  about  20  centimeters  (  7.75 
incbes)  in  lenjjjtb.  tbe  ends  of  wliicli  are 
insulated  from  each  other  by  a  thin  mica 
plate.     If,  witb  a  coir  exhaustion 

of  tbe  bulb,  a  bigb-ten>.-  ..  Mrecl  current 
1)C  allowed  to  traverse  the  tul)C,  one  of 
the  electrodes  will  be  covered  with  a 
luminous  sleeve,  beinj.;  the  ncj^'ative 
tjlow,  which,  aecor'''""  '  •  the  alxn-r  ■ 
cupies  a  leui^tb  of  >-■  wire  pi 


AN 


Fig.  3. 
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FISH  LIFE  DESTROYED  BY  LAST  WINTER'S  SEVERE  COLD. 


tional  to  the  current  intensity.  The 
anode  shows  a  sHght  kiininescence  only 
at  its  point.  If  the  tube  be  traversed  by 
a  high-tension  alternating  current,  both 
electrodes  will  be  covered  with  a  glow, 
while  the  points  of  the  wires  are  marked 
by  anodal  light  dots. 

If  the  phenomenon  be  observed  in  a 
rotating  mirror,  the  subsequent  phases 
of  the  current  will  be  noted  side  by  side 
in  space,  the  bounding  line  of  the  lumin- 
ous images  of  the  glow  giving  im- 
mediately the  curve  of  the  alternating 
current.  The  candle-power  of  the  glow 
light  is  perfectly  sufficient  to  allow  of 
a  photographic  record  of  the  curve  on 
the  cinematographic  method.  Fig.  i 
shows  a  current  curve  from  the  second- 
ary coil  of  a  medium-sized  induction  coil 
with  hammer  interrupter,  as  obtained  by 
a  similar  photographic  method,  the  typi- 
cal behavior  of  the  current  being  clearly 
noted. 

This  novel  oscillograph  tube,  patents 
for  which  have  been  applied  for,  is  suit- 
able for  use  where  Braun  tubes  were 
heretofore  alone  available,  showing  the 
advantage  of  smaller  self-induction  as 
compared  with  the  latter.  In  fact,  they 
constitute  the  simplest  means  so  far 
available  for  recording  and  observing  the 
behavior  of  alternating  currents,  and  are 
suitable  both  for  physical  demonstrations 


and  for  practical  electrical  tests.  —  Dr. 
Alfred  Gr^adenwitz. 

ElnF©ct  ©f  Cold    osi  FisS^ 
ILif® 

TN  the  severity  of  its  cold,  the  winter 
■*■  of  1904-05,  especially  the  month  of 
February,  surpassed  all  records  for  many 
years  in  the  Middle  West.  In  the  in- 
terior small  lakes,  the  water  was  frozen 
to  a  depth  of  from  three  to  four  feet — 
in  many  places,  to  the  bottom — and  the 
result  was  the  destruction  of  many  thou- 
sands of  the  finny  tribe  that  afford  the 
angler  his  most  pleasant  and  healthful 
pastime.  An  evidence  of  the  destructive 
effects  of  the  severe  weather  on  fish  life, 
is  seen  in  the  accompanying  photograph, 
taken  by  Otto  F.  Tirmenstein.  March 
20  last,  which  shows  a  drift  of  dead  fish 
lining  the  shore  of  a  small  lake  in  the 
vicinity  of  East  St.  Louis,  111.,  including 
fish  of  all  sorts  and  sizes  from  the  little 
sunfish  I Y^  inches  long  to  the  German 
carp  weighing  several  pounds. 

Hovel  Yac1hit°Rac© 

BtmlleHin 

A  PROPOS  of  the  advent  of  the  yacht- 
•**■  ing  season,  the  accompanying  illus- 
tration of  an  effective  method  of  repre- 
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scntiiijc:  tlic  prncfrcss   of  a   race   will   he 
tduiitl  intcrcstinj;. 

In  the  city  of  ilaltiiiiorc,  M(l.,onc  of  the 
newspapers  has  dcsij^iKMl  a  novel  con- 
trivance for  <lispla\in^  the  results  of 
races,  showinj^  at  any  time  just  how  far 
apart  are  the  contestinj^  craft.  In  fact 
the  newspai)er  arranj^es  a  sailinjj  race  in 
the  air.  Stretched  across  one  of  the 
l)rincipal  streets,  is  a  cord  kept  taut  hy 
side  lines.  The  rojjo  runs  throuj^h  the 
lower  part  of  two  toy  sailhoats  which 
rest  upon  the  rope  hy  means  of  little 
rollers.  The  rope  is  marked  otT  into  feet 
and  inches  to  correspond  with  the  course 
of  the  race,  and  the  divisions  are  so  in- 
dicate<l  hy  hlack  letters  that  the  people  in 
the  street  can  easily  detect  them.  To 
each  hoat  is  attached  a  conl.  and  as  the 
telegrams  come  in.  amioimcinj^  the  posi- 
tions of  the  craft,  the  miniature  racers 
are  moved  alons^  accordint^Iy.  C'onse- 
(piently  the  spectators  can  watch  the  race 
in  miniature  .t^oinp:  on  ahove  their  heads, 
and  know  which  of  the  actual  contestants 
is  the  winner  within  a  minute  or  so  of 
those  who  are  at  the  actual  race, 

PI  I(  )  Ti  X^.RAIM  i.S  have  heen  made  un- 
der some  very  curious  conditions. 
The  prohlem  of  phototrraphiu!::  tumiels 
and  apartments  from  which  the  ordinary 
li.tjht  is  excluded,  is  no  lonj^er  difficult  to 
.solve,  since  tlashlijL,dits  have  heen  invented 
which  will  afford  a  sufficiently  inten.se 
and  dilVused  illumination.  The  idea 
of     makinj^     a      picture      of      the      in- 


At  Work  in  the  Dark  Room. 


terior  of  the  dark  m. mi  UmIi.  how- 
ever, hy  the  li.i;ht  which  is  allowe<l 
to  enter  it  throu}^di  the  orilinary  aperture, 
is  somewhat  uni(|ue.  The  acconipanyin^j 
view  is  an  actual  photoi^'raph  of  a  <lark 
room,  the  only  li}.,du  admitted  Ix""-  'Vat 
ohtained  hy  slidinj^  hack  the  !■  ..  ^s 
window.  The  pliotoj^rapher  was  fortu- 
nate ill  timiu},'  the  exposure  suflicieutly 
to  secure  an  excellent  and  really  artistic 
])ortrail  of  the  two  men  at  work  in  the 
room.  The  phcjtoj.jraph  it.self  shows  that 
no  nashliijht  or  other  artificial  illumina- 
tion whatever,  was  used,  ami  affords  a 
remarkalile  proof  of  the  hij^di  power  of 
the  lenses  used  in  the  modern  camera. 


A     X()R\VF.r.l.\.\  .s<.ll-:.\'TI.'^T.  Pro- 
^     f.sMjr    nirkelan.l.   t'  '   '      ' 

an  cKctro-maji^netic  ^nn. 
discovered  a  method  of  m  rect- 

ly  from  the  air.  j 
which  are  of  use  in  e  •    ;•'    •■ 
for  a.crricuhural  opmr:'  "■• 
his  results  1>\   th. 
a  much  fr^c 
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TROLLEY  MAIL  AND  PAS^^ENGER  CAR.  BOSTON,  MASSACHUSETTS. 


Evolution  of  the  Street-Car 

From  a  Competitor.  It  Has  Become  a  Complement  of  the  Steam  Road  in  Inter- 
urban  Traffic,  and  Bids  Fair  to  Enter  the  Political  Field 


By  GEORGE  R.  METCALFE,  M.  E. 

Formerly  Technical  Editor  The  Street-Railway  Review 


STREET-RAILWAYS,  with  other 
imbhc  utilities,  threaten  to  break 
into  the  next  presidential  cam- 
paign. PoHtical  forecasters  are 
predicting  that  governmental  and  mu- 
nicipal ownership  of  railroads,  street- 
railways,  gas  and  electric  plants,  and  tel- 
ephone and  telegraph  systems  will  be  the 
leading  issue  in  1908.  Just  now  the  mu- 
nicipal ownership  and  operation  of 
street-railways  is  under  public  discussion, 
and  in  many  cities  has  become,  or  prom- 
ises to  become,  the  leading  bone  of  po- 
litical contention. 

Expansion  of  Street-Car  Traffic 

It  is  doubtful  if  the  traction  question 
would  have  taken  a  political  turn  had 
there  not  been  a  revolution  started  in  the 


For  other  illustrations  of  trolley-car  types,  see  Con- 
vertible Parlor  and  Sleeping  Car  shown  in  The  Technical, 
World,  April,  1904  (p.  154) ;  and  Dining  Car,  January,  1905 
(p.  607). 
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operation  of  street-railways  when  the 
Union  Passenger  Railway,  the  first  elec- 
tric street-railway  to  be  built,  was  opened 
for  business  in  Richmond,  A'a.,  by  Lieut. 
Frank  J.  Sprague,  U.  S.  N.,  and  his  as- 
sociates, in  February,  1888. 

The  application  of  electricity  as  a  mo- 
tive power  to  street-railways  did  more 
than  revolutionize  that  branch  of  the 
transportation  business ;  it  made  it  grow 
and  expand  and  increase  and  boom  until 
it  arrived  at  such  astounding  proportions 
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The  "John  Mason,"  Original  Street-Car. 
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that   it   hccaiuc.   in   niaii\     localities,    an      ways."    In  178*;  was  constructe*!  tlu*  rir-.t 
active  and  ajjj^rcssive  competitor  of  the      puhlic  railway  in  the  \\<irl«l.    It  w 
.steam  roads. 

The  kichmoiul  electric  street-railway 
hei^an  doinij  husiness  in  iSSS.  Two  years 
later,  accord inj^  to  the  censns  reports, 
there  were   i,_'')i   miles  of  electric  roads' 

the    I'nited    States.      Iji    H>02  —  onlv 


in 

twelve  years  after — accordinjj  to  a  recent 
hulletin  of  the  Department  of  Commerce 
and  Lahor  on  street  and  electric  rail- 
ways, the  leni;th  of  tracks  of  electric 
roads  had  increased  to  Ji.<)<)7  miles — 
a  ijrowth  of  i.'»y>  per  cent.  In  that  time 
the  track  niileajre  of 
street-railways  operated 
l)v  animal  juower  fell 
from  5.f'<)i  miles  to  251; 
mile.s — a  decrease  of  <)5 
I)er  cent.  Practically, 
horse  cars  to-day  are  hnt 
a  reminiscence.  In  iS«)0. 
the  trackap^e  operated  by 
electric  power  was  less 
than  one-sixth  the  total ; 
to-day  it  is  over  97  per 
cent.  In  i8yo,  horses  or 
nuiles  were  used  to  haul 
cars  on  more  tlian  two- 
thirds  the  total  length  of 
track.  In  I«p2.  while 
f)7  companies  in  this 
country  still  use<l  animal  power  wholly  or 
in  part,  on  only  i.i  per  cent  of  the  track- 
a.ti^e  was  such  power  used.  These  com- 
parisons indicate  in  some  dc.q'ree  the  radi- 
cal change  made  l)y  electricity  in  the  op- 
eration of  street-railways,  and  this  revo- 
lution began  only  about  seventeen  years 
ago. 

The  Horse  Car 

The  railway  was  horn  about  300  years 
ago,  when  some  clever  I'^nglish  coal 
miner  laid  wooden  beams  in  the  muddy 
road  leading  from  his  colliery  to  the 
river.  The  wooden  rails  enabled  one 
horse  to  haul  four  or  five  times  more 
coal  than  it  could  on  a  common  roa<l. 
Subsequently  these  wooden  rails  were 
plated  with  iron.  But  it  was  not  until 
1767  that  rails  made  wholly  of  iron  lai'i 
on  ties  were  introduced.  These  iron 
rails  had  flanges  on  their  outer  sides  to 
keep  the  wheels  of  the  coal  cars  from 
flving  the  track.  Thev  were  called  "tram- 


at  Longhlxironj^h,  V.w^V 
Jessop.  lie  tofik  the  i 
rails  and  plac<d  them  on  the  wlui-ls. 
\\  illiau)  Josop  nnght  well  Ix:  called  ihc 
father  of  the  street-railway,  for  jkis- 
sengers.  who  paid  their  way,  were  some- 
times carrie«l  on  the  coal  "wagons"  which 
ran  on  this  first  public  railroad. 

Some  time  in  the  early  thirties  ■■(  uc 
last  century,  a  clumsy  onmibus  car,  dub- 
bed the  John  Miisitii.  was  drawn  by  a 
horse  over  straj)  rails  Iai<l  on  stone  tics 


Phimitive  Tvi'F.  of  Under-Car  Trolley  or  Cosdi;it  CuKiAci,  CLtvLt*!*;*.  cjmo. 


in  I'ourth  avenue,  Xew  York.  This  was 
the  first  real  pas.senger  street-railway 
ever  constructed,  for  it  '   lilt  for  the 

j)urpose  of  doing  a  pa  .-,  r  business. 
Some  twenty  years  later,  the  Sixth  Av- 
enue Railroad  of  Xew  York  City  was 
built.  Its  instant  succi  ss  .starte<l  a  street- 
railway  cra7.e ;  and  between  1.^50  and 
1855,  iialf  a  dozen  roads  were  put  in  op- 
eration.   The    next    five    years,    thirty 

street-railway  companies  l"  ' : 

between  lS<oand  1870,0V 

built ;  and  at  the  time  of 

1890,  there  were  J^^)  >tn 

operation   in   the  Ir.i.lini:  cihk^    '■•      "  - 

country.     The  induct- i:.!  ■•  -  ■•«;  of  }'^.f 

showed   987   compa- 

leasing  lines,  which  ha 


had 
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proved  a  financial  success,  attempts  to 
improve  on  the  motive  ])o\ver  kept  the 
Patent  Office  working  overtime.  The 
first  efiforts  put  forth  boxed-up  steani 
locomotives,  which  were  promi:)tly  nick- 
named "dummies ;"  but  they  were  not 
popular,  and  were  soon  relegated  to 
suburban  traffic. 

The  Cable  System 

Next  came  the  cable  system,  which,  for 
transporting  the  dwellers  of  large  centers 
of  population,  proved  effective  and  suc- 
cessful. The  first  practical  success  of 
this  substitute  for  horses  and  mules  was 
introduced   in    1873.     The    main    ideas, 


ever,  made  it  easier  for  capitalists  and 
engineers  to  see  the  immense  possi])ilities 
which  lay  in  the  first  crude  trials  of  elec- 
tric traction. 

The  Electric  Trolley-Car 

The  use  of  the  word  "trolley"  as  ap- 
plied to  overhead  wire  roads,  apparently 
originated  on  an  experimental  electric 
road  built  about  1884  by  John  C.  Henry, 
from  Kansas  City  to  Independence,  Mis- 
souri, a  distance  of  ten  miles.  Mr. 
Henry's  first  traveling  contact  was  a 
small  four-wheeled  carriage,  which  grip- 
ped to  and  ran  along  the  under  side  of 
the  overhead  wire.     It  was  attached  to 


INTERURBAN  TROLLEY  EXPRESS  CAR  IN  MICHIGAN. 


however,  of  the  cable  system  were  sug- 
gested at  an  early  date  by  E.  S.  Gardiner 
of  Philadelphia  ;  but  the  real  beginning 
of  this  stage  of  street-railway  traction 
dated  from  the  work  in  San  Francisco, 
Cal.,  of  Andrew  S.  Plallidie  and  his  as- 
sociates. Asa  E.  Hoevy,  William  Eppels- 
heimer,  and  Henry  Root. 

For  fifteen  or  twenty  years  the  cable 
system  enjoyed  health  and  prosperity; 
and  had  it  not  been  "electrocuted,"  the 
grip-car  to-day  would  probably  represent 
the  highest  development  of  street-rail- 
ways. It  is  now,  however,  practically 
obsolete,  except  in  Chicago,  where  it  is 
dragging  out  a  miserable  existence  as  a 
"horrible  example."  The  enthusiastic 
public  recognition  of  the  superiority  of 
electric  traction,  in  1888,  summarily  back- 
numbered  the  cable ;  and  since  1890,  no 
new  cable  system  of  any  kind  has  been 
proposed.    The  success  of  the  cable,  how- 


a  flexible  cable,  which  fed  the  current  to 
the  car  motor,  and  the  device  was  "trol- 
leyed"  or  hauled  along  by  the  moving 
car.  At  first  it  was  called  a  "troller."  but 
the  great  American  public  quickly  gave 
it  the  pet  name  of  "trolley,"  and  the  car 
became  a  "trollev-car"  and  the  line  a 
"trolley  line." 

Of  course  it  was  the  invention  of  the 
dynamo  which  made  electricity  a  com- 
mercially successful  motive  power ;  but 
as  early  as  1835 — years  before  the  mod- 
ern dynamo  was  invented — efforts  were 
made  to  operate  a  railway  by  electro- 
magnetic engines.  In  that  year.  Thomas 
Davenport,  a  blacksmith  of  Brandon, 
\'ermont,  set  up  a  small  circular  railway 
in  Springfield,  Mass.,  over  which  he 
drove  an  electro-magnetic  motor.  In 
1847,  Prof.  Moses  G.  Farmer  exhibited 
an  electro-magnetic  locomotive  drawing 
a  little  car  that  carried  passengers  back 


EVOLUTIOX    OF    THE    STHEl-.l-CAR 


to  hack  on  a  track  a  foot 
and  a-half  wide.  Tlic 
t'k-ctric  current  for  these 
cx|)eriinental  machines 
— tliey  really  were  hut 
man-sized  toys — was  de- 
rived from  hatteries  car- 
ried on  the  motor  cars. 

Ahout   1857.   Prof.  C. 
r,.   Paji^c,  of  the  Smith- 
sonian   Institution,  after 
seven    years    of    experi- 
mentation, huilt  an  elec- 
tric    motor     which     de- 
veloped    sixteen     horse- 
power.    This  motor  was 
cnerj^Hzed    from    a    hat- 
tery  of  100  drove  nitric  acid  cells,  each 
cell  havinq-  as  one  element    a    platinum 
plate    II    inches    square    diii]X'(l     in     the 
acid.     With  this  motor,   Professor   Pa^e 
ventured   a   trip  over  the   tracks  of  the 
\\'ashin]L;ton  &  P.altimore  Railroad,  start- 
inj^  from  the  national  capital,     lie  made 
lUandenshurijf,   distant   5'-'    miles,   in   ,^9 
minutes;  and  at  one  time  a  speed  of   i<> 
miles  an  hour  was  attaine<l. 

All  these  early  experimenters  faced 
failure  from  the  start,  hecausc  the  dyna- 
mo had  not  heen  made  a  commercial  suc- 
cess. The  instant,  however,  that  the  dy- 
namo-electric f:;-enerator  arrive<l  at  the 
I)ractical)le  stajj^e,  elTorts  on  hoth  sides  of 
the  .Atlantic  to  perfect  the  electric  rail- 
way were  renewed  and  were  jnished  with 
extraordinary  viijor.  The  work  of  Dr. 
Siemens  in  P.erlin  in  1867.  and  of  Sie- 
mens and  Ilalske  in  \'f^77,  attracted  wide 
attention.  The  electricians  of  the  I'nited 
.*^tates  hecame  almost  frantically  active; 
and  Stephen  D.  I'ierd,  Thomas  A.  Edi- 


ULI'MVl-K        it.  .in  Alt  ■    CAK    ^IILL    UCCAMuMALLT    SjttH 

.son,  Leo  Daft,  Charles  J.  \'an  I)cikh-U\ 
I'.dward  I.  Centley,  Walter  II.  Kni>;ht. 
John  C".  Henry.  .Sidney  H.  Short,  and  a 
host  of  other  pioneers  in  the  clirtrical 
held,  lahored  over  the  prohleuis  of  ihe 
method  of  supplying,'  ctirrent  t«J  llie 
motor,  of  the  motor  trucks.  r'i."-iii^ 
etc.,  luitil  th.it  first  real  electri> 
of  the  world,  alrea<Iy  referred  to,  was 
huilt  in  Richmond,  \  a. 

IVank  ( i.  .'^pra.i,'ue.  a  l.ieuten.im  in  the 
I'nited  .States  Navy,  had  heen  1  -d 

in  the  study  of  electricity  from  his  lM)y 
hood.      lie   left    the    Xavy   to   !.  a 

creative  electrici.an  :  and  with  tl.  p 

eration  of  Kdward  II.  Johnson,  theij  head 
of  the  I'-dison  electric  system,  he  |icr- 
fected  a  motor  which  was  so  «  -  'ly 
etTective  that  it  was  installed  oii  \- 

tension  incandescent  li(.:htinjj  systems  of 
the  I'dison  Company  all  over  the  omn- 
try. 

I  IcTc  ;i; re.  as  early  as  i8JV>.  an  r\ 

perimental  trolley-car  was  runninu.  and 
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Heavy-Type  Cantilever  Tritk  for  Trolley-Car. 


Spragnc  and  his  associates  turned  their 
eyes  toward  electric  traction  as  a  wider 
field  for  his  motor.  They  signed  a  con- 
tract— a  bold  thing,  that  was.  in  those 
days  —  to  equip  electrically  the  Union 
Passenger  Railway  of  Richmond  with  a 
system  which  would  employ  no  less  than 
thirty  trollev-cars  at  one  time.  That  con- 
tract for  this  single  road  not  only  called 


for  as  many  electric  cars 
as  there  were  at  that 
time  in  the  whole  coun- 
try, but  demanded  the 
completion  of  the  entire 
equipment  of  the  road  in 
ninety  days.  After  con- 
siderable experimental 
work,  with  attendant 
troubles  and  almost 
disasters,  the  road  was 
opened  for  regular  serv- 
ice, February  i.  1888; 
and  that  was  the  real  beginning  of  the 
American  electric  street-railwav  system. 
Since  then  the  multitude  of  improve- 
ments in  system,  methods,  equipment, 
and  machinery,  the  development  of  in- 
terurban  traffic,  and  the  phenomenal 
growth  of  electric  traction  as  a  whole, 
are  familiar  stories.  As  to  the  future — 
but  that  is  another  storv. 


Dinner-Pail  Philosophy 


C  It  is  ])ettcr  to  touch  one  chord  than  to  pull  CLThe  world  doesn't  owe  you  a  living.     It  was 

many  strings.  here  first. 

C  Petrified  people,  like  petrified  trees,  take  the  C.  When  a   man  begins  to   raise  the  devil,  he 

finest  polish.  always   lowers   himself. 

CLYou  can  easily  classify  your  friends  among  C, There  are  two  sides  to  every  question — your 

the  wills,  won'ts,  and  can'ts.  side  and  the  wrong  side. 

CThe    man   who   can   but    doesn't,   must   give  <I.  The  labor  movement  is  more  a  question  of 

way  to  the  man  who  can't  but  tries.  humanity   than  the  almighty  dollar. 

<I.  Unless  a  man  has  scored  at  least  one  fail-  CA  man  who  is  only  as  honest  as  he  has  to  be, 

ure,  he  is  unable  to  appreciate  success.  will  be  as  dishonest  as  he  can  be. 

CA  man  without  ambition  is  a  derelict,  dan-  C.  What    the    country    needs    is    more    noise 

gerous   to  others   and  of  no  value  to  himself.  from  machinery  and  less  from  political  tinkers. 

CSome   men   waste   half  their   wind   in   doing  CCupid    busies    himself    getting    people    into 

a   thing  and  the  other  half   in   blowing  about  trouble,    and   then    leaves   them   to   fight   their 

it  afterward.  own  battles. 


CDon't  expect  to  find  shade  trees,  easy  chairs,  C.  Nine  times  out  of  ten,  the  fellow  who  is  let 
and  rippling  brooks  in  thick  profusion  along  in  on  the  ground  floor  falls  between  the  gird- 
the  road  to  success.  ers,  and  lands  in  the  cellar. 


Men  Who  Do  Thinjis 


frederick  Adrian  Delano 


By  CEORCt   H()U TON 
On  (he  Staff  ot  Thk  Tkciinical  Would 


IIR    man    who    accomplishes! —     cral  Manajjcr  of  the  roa<l.     TTr  rrrmtlv 


Tthis     (k'scril)cs     the     new     First 
\  ice- 1 'resilient    of    the    Wabash 
Railroad.       lie    helonj^'s    tti    the 
class  of  men  who  ilo  thinj^s.     I  le  also  is 
one  of  the  Western  men  who  in  the  last 
half-vear  have  been  taken 
hy    tile    (iovernment    and 
l)y    ICastern    railroads    to 
head  vast  enterprises.     A 
Harvard  ^radnate.  he  has 
been  a  railroad  man  since 
he    left    the    classic    pre- 
citicts    of    Cambridij:e    in 
1SS5.     lie    was    a    famed 
personatjc  in  the  railroad 
world  years  before  he  be- 
came known  to  the  pnblic 
as  the  chief  adviser  of  the 
riovernment  in  the  matter 
of  railway  bnildin.u:  in  the 
riiilippines.     It     was     he 
who  prepared  i)!ans  nnder 
which  1,000  miles  of  rail- 
road   are    to    be    bnilt    in 
Lnzon      and      the     other 
islands  of  the  arcbipelat^o. 
I'orty-one   years   of    a,q;e. 
he  stands  five  feet  eleven 
inches    in    his    stockintjs. 
and  is  a  veritable  storage 
battery  of  energy. 

In  brief,  his  railroad 
history  is  as  follows:  Me 
.entered  the  service  of  the 
r.nrlington  road  in  1885. 
when  he  pnt  on  a  snit  of 
overalls  and  went  into  the 
machine  shop.  From  July. 
1887.  to  April.  t88().  he 
was  in  charge  of  the  Bu- 
reau of  Rail  Tests.  Then  he  became  as- 
sistant to  the  Second  \ice-President.  In 
1890  he  was  ma<le  superintendent  of  the 
freight  terminal  in  Chicago.  In  18*79  he 
became  Superintendent  of  Motive 
Power  ;  and  two  years  after,  became  Gen- 


resigned  to  bcconjo  First 

of  tlu'   Wabash   System;  al>«i    i 
of     the     Wal)ash      Pittsburg      I 
Railway,  and  i'residenl  of  the  \\ 
&  Lake  Eric,  with  headquarters  in 
c-i-o. 

.M r.    Del. Ill'  •    u.i^ 
been   known  as  one 
thoroughly     masters 
thitjg    he    has    in 
IVrhaps  tlv  •  •  • 
road    man 
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with  his  sulKirdinatis  than 
is  .Mr.  Dflant).  His  ap- 
1'    ichabUiiess,    his    wide 

pathies,  and  his  re- 
fined sense  of  justice  wore 
so  well  appreciated  on  the 
I'urlington  ro.!-'  ''-it 
whenever     the  n 

had  any  differences  with 
the  (Oinpain'  tluv  always 
iii>i>ti(l  that  .\Ir  H.I-mo 
>h«iiild  be  on  the  t- 

tee  of  arbitration,  it  is 
told  of  him  that  when  he 
1^.  ;i v.-    i.r.  ,111,  ,(■■  J    f I',  in    the 

nl  of 
the  freight  terminal  in 
Cbicac".  '  '  '  '     '""' 

.'■•      and     ; 

Is    with    "hi 

even  down  to  the  man  t.n 
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Redesigning  Transmission  Plants 

Practical  Suggestions  Based  on  Observations  at  the  Plant  of  an  Electric  Light 

Company  in  New  England 


By  HOWARD  S.  KNOWLTON 

Electrical  Engineer 


IT  is  safe  to  say  that  one  of  the  most 
difficult  tasks  an  engineer  is  called 
upon  to  perform  consists  in  rede- 
signing an  old  transmission  plant 
whose  machinery  and  arrangement  have 
become  more  or  less  out  of  date.  Seldom 
is  it  possible  to  make-  a  clean  sweep  of 
the  equipment,  and  replace  it  with  thor- 
oughly modern  apparatus,  because,  as  the 
business  of  the  plant  has  grown,  improve- 
ments of  one  kind  or  another  are  certain 
to  have  crept  in,  tending  to  produce  a 
conglomerate  installation,  up  to  date  in  a 
few  particulars,  reasonably  efficient  in 
others,  but  hopelessly  behind  the  times 
in  the  remaining  features.  Peculiar  diffi- 
culties attend  the  reorganization  of  a 
hydro-electric  plant,  on  account  of  the 
first  cost  of  the  pipe  line,  penstock,  and 
turbine  layout,  and  the  severe  expense 
of  alterations. 

Probably  the  best  that  can  be  done  in 
many  cases  is  to  leave  the  main  features 
of  the  hydraulic  installation  unchanged, 
modifying  the  electrical  conditions  as  far 
as  may  be  necessary  to  insure  the  lowest 
cost  of  operation  consistent  with  reliable 
service.  Often  tliere  are  details  of  opera- 
tion which  can  be  changed  without  pro- 
hibitive expense,  and  which  greatly  sim- 
plify the  transformation  of  the  potential 
energy  of  the  reservoir  into  the  kinetic 
energy  of  the  transmission  line. 

A  case  in  point  is  that  of  a  New  Eng- 
land plant  having  a  normal  capacity  of 
about  2,000  kilowatts,  and  supplying 
power  and  lighting  current  to  a  town 
about  seven  miles  away.  The  plant  was 
built  about  ten  years  ago  ;  and  in  its  early 
years  of  operation,  the  machinery  was 
of  uniform  design  and  installation,  con- 
sisting of  four  alternators  aggregating 
1400  kilowatts,  mounted  in  a  generating 
room  above  the  turbines  and  driven  by 
belts  from  turbine  shafts  at  suitable  pul- 
leys in  the  basement.    The  head  of  water 

(ees) 


upon  the  turbines,  including  the  draft  tube 
allowance,  was  about  30  feet ;  and  the 
hydraulic  installation  was  carefully  de- 
signed and  constructed  acording  to  the 
best  standards  of  the  day.  Gradually,  as 
the  business  of  the  plant  increased.  Brush 
arc  dynamos  and  550-volt  direct-current 
generators,  for  distant  and  local  service 
respectively,  were  added  to  the  plant 
through  the  simple  process  of  belting  to 
a  horizontal  line  shaft  in  the  generator 
room.  At  length  the  day  came  when  the 
capacity  of  the  plant  was  increased  by 
the  addition  of  a  600-K.  W.  alternator ; 
and,  as  space  was  lacking  in  the  gen- 
erator room  for  this  machine,  it  was  in- 
stalled in  the  basement,  the  building  halv- 
ing previously  been  extended  so  that  this 
could  be  done,  with  the  great  advantage 
of  direct  connection  to  the  propelling 
turbine.  A  space  cut  away  in  the  floor 
gave  ample  opportunity  for  oversight  of 
the  performance  of  the  machine.  The 
switchboards  were  extended  at  one  end 
of  the  plant,  while  the  wiring  was  largely 
overhauled  and  brought  up  to  modern 
requirements.  The  550-volt  power 
switchboard  was  unfortunately  allowed 
to  remain  at  the  opposite  end  of  the 
plant. 

As  the  plant  stands  to-day,  it  is,  of 
course,  open  to  criticism — first  and  fore- 
most, on  account  of  the  extensive  use  of 
belts  and  lii>e  shafting.  There  is  but  one 
machine  in  the  station  direct-connected 
to  a  prime  mover.  The  arc  dynamo  and 
direct-current  generator  fill  the  floor 
space  of  the  room  so  completely  that  it  is 
a  difficult  matter  to  operate  the  crane 
when  it  is  desirable  to  move  a  heavy  piece 
of  machinery  from  one  end  of  the  plant 
to  the  other.  Aside  from  the  loss  in  effi- 
ciency incurred  by  the  belting  and  shaft- 
ing, the  vibration  and  noise  are  in  some 
parts  of  the  plant  excessive.  So  severe 
is  the  jar  that  the  rheostat  handle  on  the 


REDESIiSXlS'G   TRAXSMI  OOd 

direct-current  switcliii' .u  n  iKi>  a  j)ia\   "i  ilu- «lr                                                "    " 

nearly   i-K)  inch  when  the  nearest  alter-  c  -s   ., 
nator  is  in  operation.    The  tlirect-current 

machines,  likewise,  are  of  an  ancient  pal  lUl  leave  t 

tern,   and   the   exciters   are   separate    for  •  jm  rat               pi-.-o.  .m.i   . 

each  alternator,  rather  than  j;rouped  with  losses,   ...   ,  ..m  at   !•  >-'     < 

the    reserve    capacity    now    customary,  line  shaftinj^  and  In 

riure  is  no  aisle  throujj;!!  the  plant  >  rent  power  switchlMiard  should  |>.             I 

cept  a   narrow  and  devious  pa.^^sas^i  \va\  with  the  altiTiiatinfi-ourrent  ) 

between  the  machinery,  and  a  similar  un-  least  located  near  l»y  ;  and,  il 

certain  path  between  the  horizontal  line  done   without    i>rohibitive    e\ 

-hall  and  the  wall.     In  ihe  operation  of  main      altcrnatin}4:-current                    mrtl 

the   machinery,    it   is   necessary    for   the  panels  should  ]■■    '      ••     •                      .  , 

attendants  to  siijnal  one  another  bv  ijest-  the  o|)eralinf^  ci..; 

ures ;  and  the  separation  of  the  alternat-  wirin<.j  shouM  be  m.. 

infj-current    and    direct-current    switch-  ticidar,  and  some  detinite                     uiii- 

boards  by  200  feet  of  the  plant's  length,  form  oiieratini^  ^         "    '                          •  .  r 

is   also    inconvenient    for    the   operators.  simplicit\-  ■-■  "i'   ,„     ,.,,,..,                      e 

The  high-tension  wirinj.;'  is  almost  beyond  use  of  a  i             iriven  e.xciter                  '.e 

criticism,  excci)t  that,  in  a  sin,c:le  instance,  of  supplyinj^  all  the  alternators,  with  a 

four  bare  knife-switches,  carrying  about  si)are  machine  cfjuipped  for  belt  drivinfj 

'>,0(X)  volts,  are  installed  on  ash  bases  ah-  fr<jm   the  turbine  shaftinj^.      I'inally,  as 

solutely  without  protection  behind  one  of  a  matter  of  detail,  the  workbench  of  tbf 

the   switchboards,    within   six    inches   of  plant  slvndd  be  moved  to  a  clear  - 

the  floor.  fiom    its    present  the 

It  is,  of  course,  difficult  to  outline  a  switchboard.  wher>                                  '"o 

well-balanced  scheme  of  redcsisninti^  for  cramped    for    .satis;               . 

such  a  plant  without  discussinj]^  operat-  This  could  easily  be  done  by  reducing  the 

iui^  fi£2:ures  not  at  hand.     At  the  same  stairway    openinjj    ad'    '                "     h    is 

time,  the   general   treatment  can   be   in-  nnicli  too  large  for  the  i  . 

(Heated.    It  is  undoubtedly  too  late  a  day  It  will  be  seen  from  tlic  • 

to  do  away  with  the  belted  alternators,  ments  upon  a  particul;                         that 

as  the  hydraulic  design  is  fixed;  but  the  the  redesigning  of  a  traii.s                         "« 

complications  of  the  arc  and  direct-cur-  largely  a  matter  of   i'-  '■ 

rent   machines   and    the   horizontal    jack  and  that  a  sort  of  metu 

shaft  could  readily  be  eliminated  by  sub-  ess  is  required  from  start  i 

stituting  motor  generator  sets  or  rotary  power  is  generally  cheap:  a: 

converters  for  the  intricate  assortment  of      reason,  it  may  ii^  

dynamos  and  belts  now  in  service.     Pos-  to   retain  meth'                                            i 

sibly  an   increase  in  the  alternator  ca-  would  be  out  of  tli'                                   ' 

pacity  of  the  plant  would  l)e  required  ;  plant.   It  cannot  be                                      I 

but  the  adoption    of    alternating-current  alternator    n'-                                               > 

arc   lamps   in   street   illuminati(^n   woid<l  similar  macb 

simplify  that  part  of  the  problem.     This  page  which  ■                                                 ' 

ought  not  to  be  a  difficult  matter,  as  the  the  load  divi 

streets  arc  already   inadequately  lighted  manifests    it 

by  direct-current  arcs  jdaced  few  and  far  must  1"  trrn- 

between.     There  is  probably    no    easier  the  C' 

service  in  motor-generator  practice,  than  and  v 
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An  Invitation 

The  American  Society  of  Heating  and 
A'cntilating-  Engineers  of  Xcw  York  ex- 
tends to  all  students  and  graduates  of 
the  American  School  of  Correspondence 
a  cordial  invitation  through  its  Secretary, 
Air.  W.  M.  Alackay,  to  attend  the  Sum- 
mer Meeting,  July  7  and  8,  1905,  at  Chi- 
cago. Invitations  will  be  given  to  all 
who  mav  care  to  communicate  with  Air. 
Alackav,'  P.  O.  Box  1818,  New  York 
Citv. 


Error  Corrected 

Several    errors    of    statement    were 
made  in  connection  with  the  cut  of  the 


"Three-Story  Railway  Crossing"  in  the 
June  number  of  The  Technical  World 
(p.  516),  This  remarkable  crossing  is 
located  at  Lead,  South  Dakota,  in  the 
heart  of  the  gold-mining  district  of  the 
Black  Hills.  The  lowermost  train  is  on 
the  narrow-gauge  electric  line  operated 
by  the  Chicago,  Burlington  &  Ouincy 
Railroad  between  Deadwood  and  Lead ; 
the  middle  track,  formerly  the  Fremont, 
Elkhorn  &  Alissouri  A'alley  Railroad,  is 
now  a  part  of  the  Chicago  &  X'orthwest- 
ern  System  ;  while  the  uppermost  train  is 
on  the  road  of  the  Homestake  Alining 
Company,  one  of  the  companies  operat- 
ing in  the  vicinity. 


Sugaring  in  Jamaica 


One  mile  distant  from  the  beautiful 
seacoast  town  —  Alontego  Bay,  on  the 
northern  side  of  the  island — lies  Cather- 
ine Hall,  a  typical  example  of  a  plant  in- 
stalled for  the  manufacture  of  Sugar  and 
Rimi.    In  the  accompanying  illustration, 


Fig.  I.    CATHERINE  HALL,  JAMAICA. 
A  typical  sugar  and  rum  plant. 
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I'lG.  3.    IsitKiOR  ov  Boiling  House. 

li.!^^.  I,  is  shown  a  j^^encral  view  of  the 
buiUliiii^s.  These  are  equipped  with  new 
and  up-to-date  machinery  installed  in 
KjOJ.  enibodyinc;'  improvements  which 
f!^reatly  facilitated  the  handling  of  the 
large  crops  of  1903  and  1904.  Already 
can  again  be  heard  the  clatter  of  machin- 
ery, and  the  general  bustle  that  is  at- 
tendant on  a  factory,  as  this  year's  crop 
has  started. 

The  boiler  room  con- 
tains, one  2SO-H.  I'. 
Babcock  &  \V  i  1  c  o  x 
water-tube  boiler,  with 
separate  steam  drum, 
working  at  150  pounds' 
gauge  pressure,  the  feed- 
water  being  introduced 
bv  a  2-1 1.  P.  duplex 
pump. 

Fig.  2  shows  the  cane 
mill,  having  two  sets  of 
rollers.  The  upj^er  set 
is  driven  by  a  15-H.  P. 
breast-shot  water  wheel 
(one  of  the  spur-wheels 
may  be  seen  at  the  ex- 
treme left  of  the  pic- 
ture). The  lower  set 
contains  three  rollers, 
and  is  driven  by  a  \(>- 
H.  P.  horizontal  non- 
condensing  simple  en- 
gine, the  spur-wheels  of 


1^     UK  II     i 

furnace  ' 

little  I 

the  Jiiclure 

the     li«|U(>r 

crated  by  tli.     , 

shaft.       The    can< 

red   by   the   pump. 
>  MM  1  ^       a       juice  1-     ' 
having  a  capacii\  < 
gallons.      When    heatr<l 
su'  ly,  it  flows  into 

a  .■>( p.ii.i '  •    '' 

run  out  into  claritiers.     (  ' 
five,  each  holding  C1O0  gallons.    The  scum 
is  removed  as  fast  as  it  >n 

the  surface  of  the  liquid,  .vni  i-  u-^m  in 
the  manufacture  of  rum. 

The  boiling  house  contains  two  elim- 
inators fitted  with  steam  c  '  (-•- 
ceivers  for  feeding  the  "trip",  ..p- 
paratus, •which  latter  may  l)t.  it  the 
extreme  rear  in  Fig.  3.    One  vacuum  pan 


Fio. 


672 


THE    TECHNICAL    WORLD 


FIG.  4.     CANE  YARD  AND  MILL  HOUSE. 


of  three  tons'  capacity,  is  also  plainly  vis- 
ible on  the  front  platform ;  it  is  operated 
by  a  5-H.  P.  horizontal  engine,  which 
maintains  a  vacuum  of  25  pounds  per 
square  inch. 

The  curing  house  contains  one  set  of 


Weston's  centrifugals,  driven  by  a  5- 
H.  P.  horizontal  engine,  and  is  capable 
of  curing  fifteen  tons  of  sugar  in  twelve 
hours.  —  W.  OsBORXE  Runcie,  Student 
American  School  of  Correspondence  at 
Armour  Institute  of  Technology. 


Run-Dov/n  Dry-Battery  Cells 


How  to  Utilize  Them 


By  THOMAS  R.  BAKER.  Ph.  D. 

Professor  of  Natural  Science,  Rollins  College,  Winter  Park,  Fla. 


VARIOUS  methods  have  been 
suggested  for  renewing  dry-bat- 
tery cells,  but  few  of  them  have 
proved  satisfactory.  x-\fter  sub- 
jecting the  cell  to  the  treatment  pre- 
scribed, it  would  work  fairly  well  for  a 
short  time,  but  would  soon  become  use- 
less again,  even  merely  on  standing  with- 
out doing  any  work. 


Probably  the  most  effective  method  of 
utilizing  "run-down"  cells  is  to  use  the 
available  parts — the  carbon  plates  and 
binding-posts — for  new  fluid  cells,  which 
may  be  easily  and  cheaply  made  as  fol- 
lows : 

First,  remove  the  carbon  from  the  dry 
cell  bv  cutting  through  the  zinc  cover 
lengthwise  with   an  old  hatchet  or  ax; 
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and  break  ofT  the  hindinj^-post  from  the 
zinc,  lur  the  zinc  plate,  use  a  jiiecc  of 
sheet  zinc  (which  may  be  cut  from  an 
old  piece)  almost  equal  in  lenj^th  to  the 
insi(le  circumference  of  the  cup.  and  in 
width  almost  to  the  hcijjht  of  the  cup. 
and  liavinLT  a  narrow  stri|)  extendinj^ 
from  one  of  the  edges  far  enouj^h  to 
reach  out  of  the  top  of  the  cup  when  the 
zinc  is  in  place. 

Solder  the  binding[-post  to  the  end  of 
the  strip,  mil  the  sheet  and  put  it  into  the 
cup,  and  till  the  latter  to  within  two 
inches  of  the  top  with  a  stronq-  solution 
of  .liiniioiiiitm  chloride.  Xow  tit  a  cork 
to  the  mouth  of  the  cup.  with  the  zinc 
strip  extendin.q-  above  it  at  the  side  of 
the  mouth ;  and  throui^h  a  hole  in  the 
cork,  made  to  admit  the  carlxMi  tijjjhtly, 
push  the  carbon  down  until  the  lower 
end  reaches  the  bottom  of  the  cup.  Seal 
the  cup  to  prevent  evaporation  and  crcep- 
m^  crystallization,  by  pourinj;'  a  little 
melted  paraftine  over  the  cork. 

Fluid  cells  made  of  old  dry  ones  in 
this  way  cost  but  a  few  cents,  are  quite 
efficient,  and  w  ill  last  a  long  time. 


p"n» 


If  a  Ixjttle  with  the  top  1 
V       '  the  c-  " 

throuj^h  small  holes  in  a  n 

put  in  t! 

muslin 

Tl 
may  be  most  neatly  and  • 
l)y   wr.i' 

aroujid  : 

i)e  made,  pull; 

backward  and  forward  untd  tl 

(juite  hot.  and    ' 

bottle  iiiii>  (',  ,1  '  ,.^    

upon  it. 

The  bottle  may  be  held  tirndy  am!  the 
striin,"-  kept  "in  place  ljy  as' 
\  -shaped  openinjjs  are  <"' 
boards  about   u  by  8  ii 
are  nailed  or  screwed  to  each  other,  but 
sc|)arated   by   strips  of  wo<i«l 
thicker  than  the  string'.     This    . 
is  then  clamped  in  a  vice  or  screw* 
table,  and  one  person  shoidd  hold   the 
bottle  while  two  others  pull   the 
runninir  in  •'"■  '-'i*  I'.tw.-.n  flu-  1,. 
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Opportunities  for  American  Engineers 

in  Mexico 


By  WILLIAM  BEGC 

Special  O)rrespondent.  TiiK  Tkchnical  World 


TIIF.  chief  industry  of   Mexico  is 
mining,     although     considerable 
capital  is  now  going  into  the  de- 
velopment of  water    power    for 
generating  electricity. 

Mexican    companies    may    be    divided 

into  four  classes : 

1.  Companies  owned  by  non-resident  English 
or  American  capitalists. 

2.  Companies  owned  by  other  foreign  capital- 
ists. 

3.  Companies   owned   by    foreign    capitalists 
residing  in  Mexico. 

4.  Companies  owned  by  Mexicans. 

Tn  the  first  and  third  classes,  almost 
all  positions  of  trust  are  held  by  Ameri- 
cans or  Englishmen.     In  the  second  ir.,' 


fourth  classes,  each  n. 
tiality  for  its  own  people;  and  U 
most  impossible  f 
work   with    *'  — 
does,  he  i^' 
but  nev 
German 
man  uni 
The  1 
there  ar 
lows,  in  iIk 
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TTTQT    T?"PA"nV     Another      Important 
JUOX     XyLEjiWJ  1,       Book  for   Electricians 

BY    THE    AUTHORS    OF 
MODERN  WIRING  DIAGRAMS  AND  DESCRIPTIONS 

Modern  Electrical 
Construction 


BY    HENRY   C.   HORSTMANN 
and  VICTOR  H.  TOUSLEY 


THIS  book  treats  almost  entirely  of  practical  elec- 
trical work.  It  uses  the  "rules  and  requirements 
of  the  National  Doard  of  Fire  Underwriters"  as 
a  text,  and  explains  by  numerous  cuts  and  de- 
tailed explanations  just  how  the  best  class  of  electri- 
cal work  is  installed,  flit  is  a  perfect  guide  for  the 
beginning  electrician  and  gives  him  all  the  theory 
needed  in  practical  work  in  addition  to  full  practical 
instructions.  For  the  journeyman  electrician  it  is  no 
less  valuable,  because  it  elaborates  and  explains  safety 
rules  in  vogue  throughout  the  United  States.  It  is  also 
of  especial  value  to  electrical  inspectors,  as  it  points 
out  many  of  the  tricks  practiced  by  unscrupulous 
persons  in  the  trade.  flThe  book  also  contains  a 
number  of  tables  giving  dimensions  and  trade  numbers 
of  screws,  nails,  insulators  and  other  material  in  gen- 
eral use,  which  will  be  found  of  great  value  in  practice. 
fl  There  is  also  given  a  method  by  which  the  diameter 
of  conduit  necessary  for  any  number  of  wires  of  any 
size  can  be  at  once  determined,  fl  The  motto  of  the 
authors,  "to  omit  nothing  that  is  needed,  and  include 
nothing  that  is  not  needed,"  that  has  made  "Wiring 
Diagrams  and  Descriptions"  so  successful,  has  been 
followed  in  this  work.  No  book  of  greater  value  to  the 
man  who  does  the  work  has  ever  been  published. 

Pocket  Size,  4'4x6V2,  250  Pages,   100  Illustrations. 

Full  Seal  Leather ,  Round  Corners ,  Red  Edges .   fljl    K,(\ 
■■— -      -  PRICE  NET  '^^'OKJ 

Sold  by  Booksellers  and  Electrical  Supply  Houses  generally, 
or  sent  postpaid  to  any  address  uponreceipt  of  price. 


FREDERICK  J.  DRAKE  &  CO. 

PUBLISHERS 
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AMERICAN  ENGINEERS  IN  MEXICO- (Concluded) 

The  positions  in  which  there  are  the 
best  openings  are  as  follows : 

^Managers  and  Superintendents  of 
Klines,  Factories,  Railroads;  Foremen  in 
Shops,  ]\Iines ;  Millmen,  Cyanide  ]\Ien, 
Master  Mechanics,  Master  Carpenters, 
Electricians,  Plate  Men  and  Battery  Men 
in  Stamp  Mills,  Contractors,  Stationary 
Engineers,  Locomotive  Engineers,  Book- 
keepers, and  Stenographers.  At  present 
there  is  a  great  demand  for  stenographers 
who  know  both  English  and  Spanish,  at 
salaries  of  $250  to  $300  per  month,  ]\Iexi- 
can  money.  There  is  also  a  great  de- 
mand for  civil"  engineers  and  draftsmen, 
assayers,  and  chemists. 

As  a  rule  the  natives  hold  the  minor 
positions,  and  foreigners  the  important 
ones,  for  the  natives  are  generally  unre- 
liable. 

As  to  salaries,  managers  and  superin- 
tendents get  from  $500  to  $1,000  and  up 
per  month ;  heads  of  departments,  $300 
to  $500;  and  others,  $150  to  $300,  all  in 
Mexican  money. 

Business  is  very  promising.  The  adop- 
tion of  the  gold  standard  by  Mexico  is 
bringing  in  many  new  enterprises,  and 
there  will  be  a  good  demand  for  men. 
At  present,  much  attention  is  being  paid 
to  the"  develc^ment  of  water  power  to 
generate  eletcricity,  which  gives  oppor- 
tunities of  employment  for  many  elec- 
tricians, of  whom  there  are  comparatively 
\erv  few  in  Mexico. 


All  in  the  Preparation 

A  COLLEGE  education  was  roaming  around  in 
search  of  a  job. 

"Take  ofif  your  coat,"  said  a  practical  idea. 

So  the  college  education  took  off  his  coat. 

"Now,  take  off  your  waistcoat,"  said  the 
P.  I. 

The  college  education  did  so. 

"Now,"  said  the  P.  I.,  "remove  3'our  collar 
and  tie,  your  shirt,  your — ' 

"But."  interrupted  the  C.  E.,  "there'll  soon 
be  nothing  left  of  me." 

"I  know  it,"  replied  the  P.  I.,  "then  you  can 
begin." — Pittsburg  Gazette. 


In  the  Ball  Room 

"]\Iiss  Newgurl  seems  very  giddy  this  even- 
ing.    Is  this  her  first  large  dance  ?" 

"Yes ;  and  then  she  is  wearing  her  first 
long  train — that   makes   her   headlight." 
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$40.  to  $75. 

a  week  made 
by  this  machine 

Steam  peanut  roaster  and 
corn  popper  combined  in 
one.  Every  town  offers 
a  big  field  for  business. 
Write  at  once  for  cata- 
logue and  be  first  in  your 
field. 


F.    DUNBAR  <$;  CO. 


16-18  N.  Desplaines  St. 


Chiceigo 


REGISTERED 

'waterproof 

LIQUID  ,lf^n 

Heals    Cuts.    Abrasions.    Hang- 
Nails.  Chapped   and   Split  Lips 
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A  coatiner  on  the  sensitive  parts  will  pro- 
tect the  feet  from  being  chafed  or  blistered 
by  new  or  heavy  shoes. 

Applied  with  a  brush  and  immediately 
dries,  forming  a  tough,  transparent,  color- 
less waterproof  coating. 

Mechanics.  Sportsmen, 
Bicyclists.  Golfers,  Etc. 
are  all  liable  to  bruise,  scratch  or  scrape 
their  skin.  "NEW  SKIN"  will  heal  these 
Injuries,  -n-H-L not  wash  off,  and  after  it 
is  appUed  the  injury  is  forgotten,  as '•M.w 
SKIN"  makes  a  temporary  new  skin  until 
the  broken  skin  is  healed  under  it. 

EACH 

Pocket  Size  (Size  of  Illustration)    .    .    .    lOe 

Family  Sue •„•••;   ,%?,".* 

3  oi.  Botls.  (for  Surgeons  and  Hospitals)  oOe 

At  the  Druggists,  or  we  will  mail  a 
package  anywhere  in  the  United  States  on 
receipt  of  pi-Ice. 

DOUGLAS  MFG.  CO- 

Dept.  100 

96-102  Church  St.,  N.  Y. 


NEVER-LOSE     KEY     TAG 

Unusually  novel  and  practical.     Only  key  tag  which  makes  it 

easy  for  the  finder  to  return  lost 
keys  without  cost  or  inconvenience. 
Two  parts  hinged  together.  Name, 
address  and  postage  on  inside. 
Finder  simply  reverses  and  drops 
in  nearest  mail  bos.  Avoids  neces- 
sity of  offering  reward  for  return. 

GermanSilver,  handsomely  made.  25c  postpaid.  Agents  wanted. 

C.  E.  LOCKE  MFG.  CO.,  32  Spruce  St..  KENSETT,  IOWA 


SECOND-HAND 
MOTORS  dy/ITmos 

Vsf^catTy  a  stock  of  700 MacMnesm 

All  finished  like  new  and   fully  guaran- 
teed. Low  prices  and  immediate  delivery. 

Guarantee  Electric  Co.,  Chicago 


Street -Rail-way  Dynamos- 
Grounding,  Etc. 


-Wiring- 


Oucstion  i:  Will  you  please  tell  me  if 
there  is  more  than  one  kind  of  dynamo  used 
for  street  railways.  I  saw  men  working 
on  the  street-car  track  the  other  night.  They 
had  a  dozen  incandescent  lamps  fastened  to  a 
board  suspended  from  the  trolley  wire,  and 
each  lamp  was  burning.  Could  you  tell  me 
what  kind  of  lamps  they  were? 

Question  2:  Our  city  government  used  elec- 
tricity for  thawing  out  water  pipes.  The  dy- 
namo was  a  4-pole  machine  with  large  com- 
mutators, and  seemed  to  be  running  very  fast. 
I  was  told  that  it  generated  as  high  as  350 
amperes  with  only  about  50  volts.  Could  you 
tell  me  what  kind  of  a  machine  it  wa.g,  and  how 
it  was  wound  to  have  the  amperes  so  high 
and  the  voltage  so  low? 

Question  3:  Please  tell  me  whether  they 
ground  electric  wires  and  telephone  systems 
for  any  other  purpose  than  for  lightning  arrest- 
ers.—£.  /.  P. 

Aiiszver  i:  For  street-railway  work 
with  the  direct-current  system,  to  which 
you  doubtless  refer,  the  dynamo  almost 
invariably  used  is  compound-wound,  and 
delivers  550  to  600  volts.  As  to  the  in- 
candescent lamps,  they  may  have  been 
lOO-volt  lamps,  six  in  series  and  two  sets 
in  parallel,  or  lamps  of  any  other  voltage 
such  that  the  sum  of  the  lamps  in  series 
equaled  the  voltage  of  the  circuit. 

Anszucr  2:  A  dynamo,  to  deliver  50 
volts  and  350  amperes,  would  not  be  an 
unusual  machine  in  any  way ;  nor  would 
it  have  to  be  specially  designed.  It  is 
quite  consistent  that  the  machine  should 
run  slowly,  as  the  voltage  is  directly  pro- 
portional to  the  speed.  The  requisite  for 
large  current  capacity  is  simply  that  the 
conductors  shall  be  massive  enough  to 
carry  the  current ;  and  doubtless  this  ma- 
chine was  wound  with  conductors  of 
large  carrying  capacity.  The  fact  that 
the  machine  had  massive  commutators, 
also  goes  to  show  that  it  was  intended 
for  comparatively  heavy  current.  In  gen- 
eral, a  machine  for  low  voltage  and  high 
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EXPERIMENTAL  WORK 
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Do  not  despair  because  through 
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Prof.  Spangenberg's  New  Method 
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CONSULTING  DEPARTMENT— (Continued) 

current  capacity  would  need  to  be  wound 
with  few  conductors  of  large  area. 

Answer^:  Electric  light  and  tele- 
phone systems  are  grounded  for  various 
purposes.  For  instance,  on  the  3-wire 
system,  the  neutral  wire  is  sometimes 
grounded  in  order  that  the  potential  of 
the  system  shall  not  at  any  point  rise 
more  than  no  volts  above  that  of  the 
ground.  Telephone  systems  frequently 
use  ground  returns,  in  which  case  the 
system  would  of  course  be  grounded. 


Thawing  Water  Pipes   Electrically 

Question  i:  How  large  a  voltage  is  neces- 
sary for  successfully  thawing  frozen  water 
pipes  ? 

Question  2:  How  large  a  dynamo  should 
be  purchased? 

Question  j;  Can  this  work  be  carried  on 
successfully  with  a  portable  outfit? 

Question  4:  Kindly  name  the  necessary  ar- 
ticles to  make  up  such  an  outfit — G.  M.  VV. 

Answer  i:  The  voltage  to  be  used 
depends  largely  upon  the  nature  of  the 
work  to  be  done,  the  size  and  length  of 
pipes.  The  voltage  required  may  vary 
from  12^^  to  100  volts.  In  case  of  a  long 
pipe  of  small  cross-section,  a  high  voltage 
would  be  needed,  and  vice  versa. 

Answer  2:  The  size  of  dynamo  will 
also  depend  upon  the  nature  of  the  work, 
length  of  pipes  to  be  thawed,  and  size  of 
pipes.  Probably  a  20-K.  W.  generator 
would,  however,  be  large  enough  for  or- 
dinary purposes. 


Answer  y.  As  to  carrying  on  this 
work  with  a  portable  outfit,  this  depends 
upon  what  you  mean.  It  is  perfectly 
feasible  to  do  so  if  by  the  outfit  you  mean 
simply  the  transformers,  and  intend  to 
get  tile  power  by  tapping  neighboring 
mains  ;  but  if  you  intend  to  carry  around 
your  entire  generating  apparatus  as  well, 
it  would  probably  be  too  cumbersome  and 
heavy. 

Anszver  4:  The  necessary  articles  to 
make  up  the  portable  outfit,  exclusive  of 
the  generating  set,  would  be  simply  trans- 
formers, switches,  connecting  wires,  and 
clamps. 
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CONSULTING  DEPARTMENT— ( Concluded) 

Air  Chamber  for  Pumps 

Question:  Will  you  please  give  me  a  rule 
for  finding  the  size  of  an  air  chamber  for  a 
given  size  water  cylinder? — C.  H.  S. 

Answer:  With  single-cylinder  pumps, 
it  is  customary  to  use  an  air  chamber  on 
the  discharge  to  steady  the  flow  of  the 
water  and  prevent  shock ;  but  for  pumps 
having  several  cylinders,  this  is  not  con- 
sidered necessary.  It  is  often  better, 
however,  to  use  the  air  chamber,  even 
with  multiple  cylinders  ;  and  sometimes, 
on  pumps  having  a  long  suction  pipe,  to 
use  an  air  chamber  on  the  suction  side 
as  well.  The  volume  of  the  discharge 
chamber  should  be  three  or  four  times 
that  of  the  piston  or  plunger  displacement 
per  stroke,  if  the  pump  is  single.  For 
duplex,  i  to  I  less  will  answer.  The 
neck  of  the  chamber  should  be  long  and 
narrow,  so  that  the  air  will  not  easily 
escape,  and  the  flow  of  water  into  and 
out  of  the  chamber  w^ill  be  somewhat  re- 
tarded. 

For  small  sizes  of  the  standard  forms, 
the  dimensions  should  be  about  as  fol- 
lows : 

Air-Chamber  Dimensions 

Diameter,  Height, 

Inches  Inches 

6  10 

8  14 

10  i6 

For  larger  sizes  a  casting  is  used,  the 

general  form  of  which  is  cylindrical, 
with  straight  sides  and  a  hemispherical 
top.  For  this  style  a  common  proportion 
is  to  make  the  height  three  times  the  di- 
ameter, and  the  diameter  of  the  neck  one- 
third  that  of  the  chamber  proper. 


Watered  Stock 

The  lady  was  complaining,  to  her  dairyinan 
some  time  ago  regarding  the  quality  of  his 
milk. 

"Short  o'  grass  feed,  mum— short  o  grass 
feed  this  time  o'  year,"  said  the  jocular  milk- 
man. "Bless  you!  them  cows  o'  mine  are  just 
as  sorry  about  it  as  I  am.  I  often  stands  and 
watches  'em  cryin' — reg'lar  cryin',  mum.  be- 
cause they  feel  as  how  their  milk  don't  do 
'em  credit.    You  don't  believe  it?" 

"Oh,  ves!  I  believe  it,"  said  the  lady;  "but 
I  wish  "in  future  you'd  see  that  they  don't 
drop  their  tears  into  our  can." 
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Cyclopedia  of 

Applied  Electricity 


SPECIAL 


We  will  on  receipt  of  ?1. 00  send  these  books  to  yourhom*«  for  «>xnminn»ion  oxprmMpmi**!'!. 
and  examine  them  at  your  lei.Mure.     If  iiatistii-<l  8cn<i  ui?  .*' 
after.     Otherwise  notify  us  and  we  will  refund  your  moi 
Ix-fore  Octobtr  1st  to  take  a  full  P2n(rine«'rinK  <-i)urseiri  l\"-  .\ 
alliiwcil  full  crt-tiit  for  amount  paid  for  tln-Cyclipixiiia.     Our  < 

price  IS  to  interest  the  public  in  our  coiiespondencc  courses.    By  i. 

can  cftthis  valuable  Cyclopedia.  rcKular  price  $30.00,  free  of  cost.      WUIh    IJiis  ipocul  oUci  ' 
finally  WITHDRAWN  JULY  31st. 
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Standard  Adding  Machine 


$185.22 


For  Speed,  Capacity,  Durability,  Accuracy,  Simplicity 
The  STANDARD  has  no  equal. 

The  Standard  way  to  add  is  always  accurate.  The 
Machine  cannot  make  a  mistake.  It  has  only  19  keys. 
Its  simplicity  avoids  confusion  and  makes  the  oper- 
ator's work  more  accurate. 

The  speed  of  the  Standard  is  limited  only  by  the 
dexterity  of  the  operator. 

The  Standard  has  10  times  the  capacity  and  double  the 
speed  of  any  other  adding  and  listing  machine  on  the 
market.    Awarded  the  Grand  Prize  at  St.  Louis. 

Write  for  10  reasons  why 

STANDARD   ADDING   MACHINE   CO. 

35  Spring  Avenue  ::  St.  Louis,  Mo. 


THE    STANDARD    WAY 


S6e  American  School  of  Household  Economics 

THIS  new  development  of  the  correspondence 
idea  came  into  being  from  the  request  of 
■women  all  over  the  country  for  aid  in  their 
household  problems  and  for  guidance  in  the  study  of 
twentieth  century  housekeeping. 

We  all  realize  that  industrially  the  world  has 
made  tremendous  advances  during  the  last  ten  or 
twenty  years,  but  we  are  apt  to  over-look  the  fact 
that  knowledge  of  the  arts  and  sciences  relating  to 
the  home  has  kept  pace,  and  that  the  good  old  ways 
of  our  grandmothers  are  no  less  out  of  date  than  the 
stage  coach  and  spinning  wheel. 

The  thoughtful  housekeepers  who  have  felt  the 
effects  of  this  industrial  revolution  have  been  seeking 
in  vain  for  a  practical  hand-book  that  would  give 
the  desired  information  in  not  too  technical  nor 
abstruse  a  form. 

A  residence  course  of  study  is  out  of  the  question 
for  the  great  majority,  so  as  housekeepers  and 
mothers  are  unable  to  leave  their  duties  to  go  to 
school,  the  school  must  go  to  them. 

This  the  American  School  of  Household  Econ- 
omics does.  Its  lesson  books  have  been  prepared  by 
eminent  teachers  and  represent  the  long-sought-for 
hand-books — simple,  concise,  interesting,  and  auth- 
oritative.    The  instruction  is  given  by  the  authors. 

Some  of  the  subjects  covered  are  cookery,  dietet- 
ics, home  dressmaking,  house  planning  and  furnish- 
ing, home  nursing,  household  management  and 
accounts,  and  psychology  of  child  training. 

The  attractive  Announcement  of  the  School  gives  illus- 
trated synopses  of  the  twelve  subjects  offered  and  details  of 
the  methods  employed.  Everyone  interested  is  invited  to  send 
for  a  copy.  Address  the  Director,  Miss  Helen  Louise  Johnson, 
3311  Armour  Avenue,  Chicago,  111. 


GAZINES 
OOKa 


BOOKS  RECEIVED 

Panama.  A  handbook  of  information  regarding  the  new 
Isthmian  republic,  its  resources  and  commerce.  Being 
Part  I ,  Section  2  7 ,  of  the  "  Foreign  Commercial  Guide . ' ' 
Pages  17,  with  colored  map.  Indexed.  Paper,  9  by 
11  1-2  inches.  Published  by  the  Philadelphia  Com- 
mercial Musetun ,  Philadelphia,  Pa.    Price,  50  cents. 

An  up-to-date  and  most  timely  brochure 
on  a  part  of  "Greater  America"  that  has 
now  and  will  have  for  years  to  come  an 
especial  interest.  With  the  completion 
of  the  Panama  Canal,  the  efficiency  of 
the  world's  mercantile  marine  will  be  at 
once  more  than  doubled,  and  the  world's 
commerce  will  enter  upon  a  new  era  of 
expansion  the  possibilities  of  which  are 
as  yet  but  dimly  forecast.  Right  here, 
on  the  Isthmus,  in  the  highway  of  world- 
traffic,  is  the  half-way  house  between  the 
old  OldWorld  of  the  Atlantic  and  the  new 
New  World  of  the  Pacific — the  junction- 
point  of  trade  routes  between  Liverpool 
and  Sydney, between  Cape  Town  and  Yo- 
kohama, between  Singapore  and  Constan- 
tinople. The  nation  that  commands  this 
waterway  has  a  vantage-ground  of  in- 
calculable strategic  value.  And  that  na- 
tion is  the  United  States — by  geograph- 
ical position  and  political  right.  It  is 
facts  such  as  these  that  lend  exceptional 
interest  to  this  pamphlet,  as  well  as  to 
the  others  published  by  the  Philadelphia 
Commercial  Museum,  covering  the  re- 
publics of  South  America  and  the  coun- 
tries of  the  great  "Pacific  area,"  the  des- 
tined field  of  the  world's  greatest  com- 
mercial and  political  development. 

The  present  work  contains  all  the  de- 
scriptive matter  and  statistical  informa- 
tion that  anyone  would  be  likely  to  seek 
regarding  the  Canal  Zone  and  the  rest  of 
the  Republic  of  Panama.  Its  physical 
and  topographical  features,  climate,  and 
rainfall;  its  people  and  political  institu- 
tions ;  its  banking  facilities  and  monetary 
regiilations ;  its  tarifif  and  license  laws ; 
its  courts ;  its  seaports  and  distributing 
centers  ;  its  facilities  for  internal  trans- 
portation  and   foreign   shipping;  its  de- 
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"^^^r:^!  1 1'.  Rambler  is,  we  believe,  the  only  autotnobilc  that 
^  )  can  claim  the  distinction  ot  having  onc-arincd  opcralt)rh. 
A  single  lc\er  to  the  right  ot  the  operator  starts  the 
machine;  one  pedal  makes  it  stop,  and  another  reverse;  while 
the  throttle  and  steering  wheels,  movable  at  the  same  instant 
and  by  the  same  hand,  ccjntrol  the  speed  and  guide  the  front 
wheels.  Contusion  is  impossible  even  in  emergencies.  It  i 
pre-eminently  the  machine  tor  women,  children  and  men  wlm 
have  not  the  time  to  master  com[)le\  mechanism. 


MODEL    H 


Model  H. — H  h.  p.   $850   complete    with    rubber   mat,   drop  fore  ! 
wrenches,  oilers,  pump,  repair  kit,   brass  oil  side  lamps,  and  brass  hurr. 
OTHER    MODELS.     $750.    $12.-,0.    $i:J50.    $2000.    $3000 


Main    Off  ice    and    Factory: 

"Rranchtj: 


K  F  N  O  S  H  A  .    WISCONSIN 


New  York  Aeency 

134  West  38th 

Street 


BOSTON, 
CHICAGO. 
PHILADELPHIA, 


Thomas  B.  Jeffery  6v  Company 
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Louisa  Hill 
PATENT  ATTORNEY 

I33e  Ne-wYork  Avenue 
WASHINGTON.D.C. 


ATENTS 


p 

I  Trade-MarKs  and  Copyri^htj 

SECURED    OR    FEE     RETURNED 

Free  opinion  as  to  patentability.  Send  for  Guide  Book  and  What 
To  Invent,  finest  publication  issued  for  free  distribution.  Patents 
secured  by  us  advertised  free. 

EVANS.  WILKENS  «S.  CO. 
No.  600  F  Street,  N.  W.  WasKington.  D.  C. 


EVERETT  E.  KENT 

COUNSELOR  AT  LAW 

Patents,  Foreign  and  Domestic.     Copyrights. 

Trade  Marks;    State,  Federal,  and  Foreign. 

Corporations. 

84  State  Street,  BOSTON 


TWENTY-FIVE  YEARS  ACTIVE   PRACTICE 

Specialty:    PATENTS  THAT  PROTECT 

Q  A  ^r  C IVI  ^r  O  ^^"^®**^'  Trade  Marks, 
|^/\  I    till    I   O  Copyrights  and  Designs 

Send  your  business  direct  to  Washington.  Saves  time  and  in- 
sures better  service,  Persorval  Attentlorv  Gviaranteed 

E.   G.   SIGGERS,    SuUe  lO  National  Union  Bldg. 
Patent  Lawyer  Washington.  D.  C. 

ATENTS 

Valuable  Book  on  Patents  FREE.     Tells  how  to 
secure  them  at  low  cost.    How  to  Sell  a  Patent,  and 
■What  to  Invent  for  Profit.  Gives  Mechanical  Movements 
invaluable  to  Inventors.     Full  of  Money-Making  Patent 
.^^_    Information.      NEW    BOOK    FREE  to  all  who  write. 
O'MEARA  &  BROCK,  Talent  AtlTs.,  9lH  F.  Street,  .>'.  W.,   WasLington,  I).  I. 

NEW  YORK  OFFICE,  290  Broadway,  New  York  City. 


Patents  $2520 


Rejected  cases  and  interferences  a  specialty. 
All  foreign  patents  at  low  rates. 
Positive  success  where  others  fail. 

FRANK    K.  JOHNSTON.   M.   A..   LL.   B. 

Suite  216>218.  99  Nassau  St.  New  YorK,  N.  Y. 
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velopcd  and  undeveloped  resources,  ex- 
ports and  imports — all  these  are  fully  set 
forth,  with  an  index  for  facilitating  ref- 
erence. A  full-page  colored  map  of  the 
Republic  is  included,  showing  the  Canal 
Zone,  trade  routes,  and  internal  centers 
of  population. 


The  Automobile  Pocketbook.  A  Compendium  of  the 
Gasoline  Automobile.  By  E.  W.  Roberts,  M.  E., 
Author  of  '  'The  Gas  Engine  Handbook,  "etc.  Flexi- 
ble leather.  Pages  329,  3  1-2  by  5  1-4  inches.  Illus- 
trated. Indexed.  Published  by  the  Gas  Engine  Pub- 
lishing Company ,  Cincinnati ,  0 .    Price ,  $1 .  50 . 

This  handy  compendium  embodies  in 
concise  and  convenient  form  a  wealth  of 
practical  information  on  the  construction 
and  operation  of  automobiles,  with 
briefer  notes  on  their  design.  It  is  based 
on  the  practical  experience  of  manufact- 
urers and  the  author's  recognized  famil- 
iarity with  this  field.  It  tells  just  what 
the  practical  operator  needs — no  more — 
going  at  once  to  the  heart  of  the  subject 
without  indulging  in  historical  reminis- 
cence or  burdening  the  reader  with  the- 
ories and  mathematics.  Every  practical 
problem  likely  to  arise,  finds  here  direct 
solution,  the  index  making  all  details  ac- 
cessible at  a  moment's  notice. 

Altogether  the  volume  is  highly  com- 
mendable as  a  means  of  assistance  likely 
to  be  needed  on  those  unforeseen  occa- 
sions that  test  the  skill  of  the  chauffeur 
and  the  patience  of  those  who  sit  a  little 
farther  back.  Some  such  a  work  as  this 
is  as  necessary  a  part  of  a  kit  as  is  a 
wrench  or  a  screw-driver. 


American  Phonography.  An  exposition  of  the  Benn 
Pitman  system,  with  cross-references  to  the  best  feat- 
ures of  the  Isaac  Pitman,  Graham,  Munson,  and 
Osgoodby  systems.  By  William  Lincoln  Anderson, 
Senior  Commercial  Teacher,  Dorchester  High  School, 
Boston,  Mass.  Cloth.  Pages  325,  12  mo.  Indexed. 
Published  by  Ginn  &  Company,  Boston,  Mass.  Mail- 
ing price,  $1.30. 

This  volume  contains  all  that  is  essen- 
tial to  the  development  of  the  finished 
phonographer — except,  of  course,  that 
practice  which  no  book  can  give  or  en- 
force. It  is  especially  adapted  to  instruc- 
tion of  pupils  of  high-school  grade.  Both 
corresponding  and  reporting  styles  of 
phonography  are  thoroughly  presented, 
and  the  work  includes  about  50  pages  of 
graded    dictation    exercises,    comprising 
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SMITH  '41  STOKES  tU.  A  24-25  Germun-Amerii  an  Tru>t  Co.  Bldg.,  PhiUdclpht*.  P« 


20th  CENTURY  SOAP, 

%    nil    t:  «2    l'-;»t. 

,.:■   i-^-   :m.l  oil.  I'itlur  fr-tn  t!:c  linndsor  clothini:,  without  injurii  nRflll"*'         ^'      H*% 

NO  EQUAL  FOR  AUTOMOBILES.    For  i  UuninK  Huois  and 
polish,  but  aiiiis  tu  the  luslru.     If  your  dealer  docs  not  keep  it,  fcuuU  u%  luA  ii-uuc  jdJ  ailiii'.  .-.  auJ  >>(, 

HOFFHEIMFR    SOAP    COMPANY,  168  East  J.Ackson   Boulcvnrd,  ClitcAl.O 

Eastern  Office.  No.   1   M.iUison  Squ.ire,   NEW  YORK.  k       '  V'c  .  I'lTTSBUBO,  VA. 


Gillespie's  Perspective  Charts 


EVERY  .\rchitect,    Draughtsman  and  Student  would  find  these  Charts  of  value  to  tb< 
labor-saving  device.     They  are  five  in  number,  put  up  in  two 
to  scale  and  all  lines  are  so  indexed  as  to  leave  nothing  t  -  ' 
and   pencil    to   carry   out   the    work,    and    will   greatly    facilitate   .. 
Hy  G.  Curtis  Gillespie,  Architect.         Send  for  full  descriptive  circular  and  price  list 


RAFTER^    AND    BRACE    TABLES-— Prepared  for   the  convrnimcr  of  .\r. 
Draughtsmen,   showing  length  of  rafters  and  braces,  also  tables  givii:  th  of  ch 

weights,   measures  and  other  information.     By  H.   J.   Aurlib,   Architect. 

16  full  page  tables,  32  pp.,  paper  ::  $0.  >0 

Flexible  leather  "  •'7'' 

Send  for   catalogue   oj-    booKs  and  j  ci  m  p  I  c    of  the   Archil  ecl4 

and    "Builder^'    Magazine. 


WM.  T.  COMSTOCK,  Publisher,    23  Warren  St.,  New  YorK  City 
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"During  the  past  ten  ypars  Mr.  Shepherd,  of  ?.  M 

Parker,  has  obtolned  fi>r  us  a  preat  mnnj   lirir'^rt^'      •  Eiat; 

We  have  DO  heeitation  in  heartily  recomui'  ;;it>.i-.j- 

one  having  need  of  the  wrvices  of  a  patent  .-u  r.n  ^     * 
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LET  US  PROVE  WHAT 

WE  CLAIM  AT  OUR 

EXPENSE. 

There  is  only  one  way  to  prove  anything 
about  a  typewriter,  and  that  is  an  actual  test 
of  the  machine  itself  in  your  o-wn  oflRce. 

That  is  what  we  want  every  possible  pur- 
chaser of  a  Fox  Typewriter  to  do  before  he 
buys. 

When  we  say  the  Fox  Tj'pewriter  can  be 
operated  with  from  25  to  ICO  per  cent  less 
energy  than  any  other  typewriter,  it  doesn't 
mean  anything  to  you  unless  we  can  show  by 
this  saving  that  it  will  enable  you  to  reduce 
the  cost  of  typewriting  in  your  ofHce,  give  you 
a  better  erade  of  work  and  save  you  a  va^t 
amount  of  worry  about  repairs.  When  we 
show  you  that,  you  are  interested. 

We  have  proved  this  to  some  of  the  most 
discriminating  buyers  in  the  country.  Seventy- 
■  five  per  cent  of  our  sales  are  made  under  just 
such  circumstances. 

If  we  can  prove  it  to  you,  you  want  our 
machine. 

Remember  we  prove  this  at  our  expense. 
All  you  have  to  do  is  say  you  are  interested,  no 
matter  where  you  are. 


Write     ti  J     today. 


FOX  TYPEWRITER  CO. 

Executive  Office  and  Factory 
620  Front  Street,       Grand  Rapids,  Mich. 

Branches  and  Agencies  in  Principal  Cities. 
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word-sign  exercises,  practice  sentences, 
business  letters,  etc.  Technical  terms  are 
avoided,  and  only  such  words  used  as  are 
common  and  easily  understood.  The 
errors  most  commonly  made  by  beginners 
are  arranged  at  the  end  of  each  part,  so 
that  students  may  be  warned  of  the  diffi- 
culties they  are  likely  to  encounter. 
Early  in  the  work,  the  student  is  famil- 
iarized with  the  helpful  expedients  of 
position-writing  and  phrasing. 


Cams  and  the  Principles  of  Their  Construction. 
By  George  Jepson ,  Instructor  in  Mechanical  Drawing 
in  the  Massachusetts  Normal  Art  School.  Pages  60. 
Cloth,  6 by  9  1-2  inches.  Printed  by  the  University 
Press,  Cambridge,  Mass. 

This  book  will  form  part  of  a  work  on 
Mechanical  Drawing  which  the  author 
has  in  progress.  Cams  of  almost  every 
conceivable  shape  now  play  important 
parts  in  the  construction  of  a  large  va- 
riety of  machines ;  and,  owing  to  their 
numerous  uses,  the  author  has  attempted 
to  show  only  some  of  the  more  common 
forms.  In  addition  to  the  different  kinds 
of  cams  shown,  the  book  contains  illus- 
trations of  cam-cutting  machines  in  op- 
eration. 

The  book  is  practically  a  work  on  me- 
chanical drawing,  and  shows  methods  of 
laying  out  cams  to  produce  any  desired 
movements.  The  typographical  work  is 
remarkably  handsome,  the  illustrations 
deserving  special  mention.  These  are 
printed  in  two  colors,  the  parts  of  the 
cams  themselves  being  shown  in  black, 
while  all  the  construction  lines  and  di- 
mension lines  are  printed  in  red. 

Some  interesting  examples  of  cams  are 
shown,  notably  writing  cams,  in  which 
two  cams  acting  together  produce  any 
required  curve,  such  as  a  written  word. 


Elementary  Telegraphy  and  Telephony.  By  Arthur 
Crotch.  Pages  225.  Cloth,  5  1-2  by  8  1-2  inches. 
Illustrated.  Published  by  Spon  &  Chamberlain,  New 
York.    Price,  $2.00. 

This  work  is  intended  as  an  elementary 
textbook.  It  covers  the  intermediate 
ground  between  Electricity  and  ]\Iagnet- 
ism  and  the  subjects  of  Telegraphy  and 
Telephony.  The  book  lays  down  such 
leading  principles  of  electricity  and  mag- 
netism as  will  enable  the  student  to  ac- 
quire a  firm  foundation  for  the  advanced 
studies  of  telegraphy  and  telephony. 
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-and  fast  schedules  over  the  only  double-track 
railwaybetween  Chicago  and  the  Missouri  Riv(  r 
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With  PUBLIC  OPINION  One'Year 

If  you  are  not  reo.llnkf  I'lltl.K;  iiriNIiiN, u-  i.>    ,. . . 

you  are  llll^<^lllK  one  of  the  hrlirhleKt  nml  ■ 

ma(;azln>'!i  ever  piiMI-hed.    I'THLK'  I'l'IV' 

Utihiiie  position  niiioni;  ,\inerlcan  i  ■    ' 

weekly   mat'azlne  that  ui^'"^  a   ■ 

W'lrld^s  eveiitH  each  week  with  fni' 

readers  what  the  world  1h  thinkliit;  ami  d'>iii^'  in  I'uULl 

Kliianclal,  Literary,  Svlentltlc,  and  liruinatic  elrcleo. 
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"Putting  it  on  paper"  is  an 
essential  feature  of  engineer- 
ing work,  for  experts  as  well 
as  for   students. 

We  are  headquarters  for  the  paper 
to  put  it  on;  tor  the  pencils  to  put 
on  the  paper;  and  tor  the  drawing 
instruments  and  tools  for  doing  it 
accurately. 

You'll  find  the  difference  between 
success  and  failure,  perhaps,  in  your 
choice  of  tools.  Catalogue  free 
on  request. 

Devoe   &  Raynolds   Company 

176  Randolph  Street,  Chicago 

Fulton  and  William  Sts.,  New  York 
I  214  Grand  Avenue,    Kansas  City 

SAMPLE    COPY 

FREE 


The  Chief  Engineer  of  an 
Electric  Light  Station  writes: 
"I  subscribed  for  'The  Prac- 
tical Engineer'  because  it  was 
cheap,  now  I  am  renewing  my 
subscription  because  it  is  good 
and  I  need  it  in  my  business." 

**The  Practical  Engineer" 

is  just  what  its  name  implies — 
a  good,  practical  monthly 
paper  for  practical  engineers, 
■well  printed,  original  illustra- 
tions, and  full  of  good,  cur- 
rent information  for  station- 
ary engineers. 

50     CENTS     A     YEAR 

is  the  subscription  price.  Send 
postal  for  free  sample  and  see 
it  first,  then  you'll  subscribe. 

Subscription  Agents  Wanted 

TMl  PRACTICAL  ENGINEER 

46  No.  12th  Street,  Philadelphia,  Pa. 


LITERATDRE-(Contmued) 

Tlie  first  subject  taken  up  is  Magnet- 
ism ;  and  then  follow  the  Magnetic  The- 
ory, Static  Electricity,  and  Condensers. 
This  is  followed  by  Dynamic  Electricity, 
Primary  and  Secondary  Batteries,  Re- 
sistance, and  Induction,  thus  leading  up 
to  the  Dynamo  and  the  principles  of  dif- 
ferent electrical  instruments.  The  book 
concludes  with  descriptions  of  telegraph 
and  telephone  instruments  and  systems, 
all  of  which  are  rather  elementary  in 
scope.  The  book  is  designed  chiefly  for 
younger  students  or  general  readers. 


Diseases  of  Electrical  Machinery.  By  Ernst  Schuiz. 
With  a  preface  by  Silvanus  P.  Thompson.  Pages  84. 
Cloth,  5  by  7  1-2  inches.  Illustrated.  Published  by 
Spon  &  Chamberlain,  New  York,  N.  Y.    Price,  $1.00. 

This  little  book  takes  up  in  a  practical 
way  the  various  diseases  and  defects  of 
electrical  machinery,  and  points  out  the 
means  of  both  preventing  and  remedying 
the  common  troubles.  The  work  first 
discusses  Continuous-Current  Machines, 
and  points  out  causes  of  faults  and  break- 
downs in  armatures,  brushes,  brush-hold- 
ers, field  windings,  and  regulators. 
Single-phase  and  Polyphase  Generators 
are  similarly  treated,  after  which  the 
stator  and  rotor  faults  of  alternating-cur- 
rent motors  are  considered. 

A  chapter  is  given  on  Transformers, 
which  treats  of  the  troubles  of  windings 
and  the  effects  of  lightning ;  and  the  book 
concludes  with  a  chapter  on  Efficiency, 
which  contains  a  number  of  numerical 
examples  of  efficiency  calculations. 

A  few  years  ago,  the  operator  of  elec- 
trical machinery  would  have  found  such 
a  work  as  this  invaluable ;  but,  with  the 
passing  of  the  earlier  defective  types  of 
machinery  and  the  elimination  of  weak 
points  in  design,  but  few  of  the  troubles 
here  alluded  to  will  be  encountered  by 
the  operator  of  first-class  modern  ma- 
chinery. A  knowledge  of  possible  de- 
fects, however,  is  always  of  advantage  m 
preventing  their  repetition. 


Wireless  Telegraphy.  By  Charles  Henry  Sewall. 
Pages,  230.  Cloth,  5  1-2  by  8  1-2  inches.  Illustrated. 
Published  by  D.  Van  Nostrand  Company,  New  York, 
N.  Y.    Price,  $2.00. 

The  aim  of  this  book  is  to  present  a  gen- 
eral view  of  the  subject  of  \\'ireless 
Telegraphy   from   its   inception   to   date. 
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The  Technical  World  and  American  Electrician  for   -  -  f\ 
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This  ofter  applies  only  to   Domestic   Subscriptions.         Full  information    regarding 
additional  postage  to  Foreign  countries  will  be  sent  upon  request. 
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3321  Armour  Avenue,  Chicatfo,  111. 
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(St.  and  No. 
(City)_ 


Address 


Mention  The  Technical  World. 


^  t  ri  I  (• 


0/  sender  .    ,  . 

This  tlace  for  name  and  adJre.s  o^  teru^o  'rn.iine  »"  M^    .  .    --f  ■ 


690 


THE    TECHNICAL    WORLD 


TaRe  Your  Pants  Off! 

Also  Your  Coat  and  Vest 

We  make  an  uo-to-date  suit  strictly  to  your 

nieasuro  in  latest  English  Sack  style  for  only 

SIO.  and  give  the  following  complete  outfit 

Free  and  you  don't  pay  for  it  iintil  you 

receive  the  suit  and   Free  Outfit,  and 

find  it  just    as  represented.     Send  us 

your  P.  (>.  address  and  we  will  send  you 

Free  Samples  of  cloth,  tape  measure 

and  measurement  blanks,  for  size  of 

Suit,  Shoes,  Hat.  etc..  F  R-E  E. 

A  suit  of  Clothes  Made  to  Measure  from 

any  of  the  samples  sent  you,  for  which 

tailors  would  ask  from  820  to. . .  .$22.00 

I  A  Dunlap  Block,  any  shape  Hat... 2. 50 

'  A  pr.stylishlaceorCongressShoes  2.50 

A  neat  Percale  Shirt 1»25 

A  neat  four-in-hand  Bow  or  Pull  Tie 50 

A  pair  of  good  web  Suspenders 50 

A  Jap  Handkerchief 50 

A  pair  extra  quality  Lisle  Thread  Socks..  .25 

Many  Dealers  ask  for  this  Outfit  $30.00. 

Send  no  money,  but  write  at  once  for  FREE 

SAMPLES,  also  our  special  Premium  Offer. 

Dett.  U.  S.       CHICAGO  MFG.  a  MDSE.  CO. 

im.  256  Market  St.,  Chicago.  111. 

I     References:   Metropolitan  Trut^t  &  Savintrs  Bank, 
'  Capf  1  *7.i0.noo,  or  any  Express  Company  in  Cliicago. 
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The 

iModern 

Business  Necessity 


CAPACITY  999.999.999 


The  (amous  Calculating  Machine.     Enthusiastically  endorsed  the  ttorld  over.     Rapid,  accu-  ] 
rate,  simple,  durable.     Two  modett :  oiidijed  copper  finish.  $5,00 ;  oxidized  silver  finish,  vnth 
case.  JIOOO.  prepaid  in  U,  S.     Write  (or  Free  Bookler  and  Special  Offer.     Agents  wanted. 

C.E.  LOCKE  M'PG  CO.,32  Wainutst-Kensett.lowai" 
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CENTS 


Will  bring  you,  on  trial, 
thirteen  weeks,  the  Faih- 
Jinder,  the  old  reliable  national  nezvs 
review.  This  paper  gives  you  every  week  all  the 
important  news  of  the  world,  stated  clearly  and 
without  bias.  It  is  the  only  news  review  that  is 
truly  comprehensive,  and  at  the  sa  ne  time  it  is  not 
padded  or  bulky.  It  gives  you  the  wheat  without 
the  chaff.  It  is  a  time-saver  for  all  busy  people.  ^  In 
purpose  it  is  high-toned,  healthy,  and  inspiring;  it  is 
a  protest  against  sensational  journalism.  It  takes 
the  place  of  periodicals  costing  $2.50  and  |3.00.  Try 
it  and  you  would  not  be  without  it  for  many  times 
its  cost — $1.00  per  year. 

Add ress :     PA THFINDER,  Washiiiston,  B.C. 


XsU'BSC'RI'BE      J^   O    W      TO 

The  Engineer 

The  Power  Plant  Paper 
for   Th3    Po\yer    Plant   Man 

Issued   24   times   a  year   (semi-montlily) 
Subscription  price,      ::     ::       $1.00 

The  issues  of  one  year  contain  more  than  one  thousand 
pages  of  reading  matter  devoted  entirely  to  sub3^ects  of 
greatest  interest  and  importance  to  Engineers.  "  If  you 
install,  operate  or  care  for  machinery,  j'ou  should  read 
The  Engineer.  USend  for  free  sample  copy. 

The  Engineer  Publishing  Company 
557  Dearborn   Street,  CHICAGO 


LITERATURE-  (.Continued) 

The  contents  are  divided  into  four  parts, 
the  first  of  which  is  largely  historical  and 
describes  the  work  achieved  in  this  field. 

Part  2  is  devoted  to  Inventors  and  In- 
ventions. It  deals  with  the  work  of  pio- 
neers in  this  branch  and  discusses  the 
patent  claims  of  the  inventors. 

Part  3  is  a  short  section  which  reviews 
the  comparative  merits  of  wireless  and 
other  telegraphy ;  and  Part  4  gives  de- 
scriptions of  the  various  apparatus  em- 
ployed in  wireless  telegraphy.  In  con- 
clusion, there  are  several  appendixes 
which  quote  specifications  from  the  pat- 
ents of  several  prominent  inventors  in 
this  field. 

The  book  brings  together  an  interest- 
ing collection  of  facts  regarding  wireless 
svstems,  presenting  in  concrete  form 
what  has  heretofore  been  attainable  only 
by  the  study  of  numerous  technical  peri- 
odicals. 


Modern  Electrical  Construction.  By  Henry  C.  Horst- 
mann  and  Victor  H.  Tousley.  Pages  250.  Leather, 
4  1-2  by  6  1-2  inches.  Illustrated.  Published  by 
Frederick  J.  Drake  Company,  Chicago,  lU.  Price, 
$1.50. 

This  work  is  a  handbook  on  electrical 
construction,  and  it  describes  all  kinds  of 
wiring,  fittings,  and  appliances  commonly 
used  by  the  electrical  worker  in  the  wir- 
ing of  buildings  for  electric  lighting 
power.  The  work  is  explained  with  ref- 
erence to  the  rules  of  the  national  elec- 
trical code  of  the  National  Board  of  Fire 
Underwriters.  This  code  is  given  in  full, 
and  the  work  contains  elaborations  of 
safety  rules  which  Avill  make  it  of  value 
as  a  practical  guide  for  the  electrical 
w'orker. 

In  addition  to  the  rules  for  all  kinds 
of  wiring,  a  number  of  common  evasions 
of  these  rules  are  pointed  out,  which 
must  be  guarded  against ;  and  the  book 
closes  with  a  number  of  wiring  tables, 
standard  dimensions  of  some  electrical 
supplies,  and  other  tables,  many  of  which 
have  been  specially  prepared  for  this 
volume. 


CATALOGUES 

Wing  &  Son,  New  York,  N.  Y.  Catalogue  entitled 
"TheBookof  Complete  Information  about  Pianos." 
Imitation  leather,  12  by  12  inches.    Pages  I60. 

This  book,  which  is  an  elaborate  typo- 
graphical  production,    is   of   the   nature 
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and    then    through    the    Thousand    I 
St.  Lawrence  River  to   Montreal — shootii-' 
On  to  Quebec,  the  most  foreipn  of  Ameri 
farther  on  into  salt  water  and  up  the  wonderful    h.: 
timi.  the  head  of  navigation. 


.■'%  Shootinj;    the    rnpids 

i  of    the   St.  L;iv 

■J  made  even    the    wiiU 

'    .::  ■:■•..■■?  heart     of    an     T--^'  v 

..---■:'^     'I  leap  with  ex 

■::'J        You  can  enjoy  the 

-/  s  1  ne   experience    to- 

r^  Here's  a  recreative, 

/'  instructive,  cxhilarat- 

inj^r  tr--^   -  vou. 
To  .  ra  Falls, 

Wabash  all  the  way,  in 
luxuriant  through  I' 
P'ree  Chair  Cars  fro;.,  .> 
Western    cities — and    s; 
there  if  you  like. 
Then   down 
on   electric    e  • 
and  Whirlpool  at  thn  \ 
Then   across    L; 
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Writo  for  Wabash  Inform 
from  your  home 

C.  S.  CRANE,    G.  P.  6c  T.  A.,    Wa])a.sli  System,    St.  Louis 
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The 

Big  Four 

Route 

THE    NEW    WAY 

To 

Michigan  and  Canadian 
Points 

Via    Toledo    and    Detroit 

Through    Sleepers  between  Cincinnati, 
and    Toledo    and    Detroit,    and 

THE      ONLY      LINE 

running  Through  Sleepers  between  Cincinnati  and 
Mackinaw  via  Toledo  and  Detroit  during  the  season 

For  rates  and  folders  apply  to  local  agents  or 

WARREN  J.  LYNCH,        General  Passenger  Agent 
Cincinnati,  Ohio 


NO  OTHER  section  is  forging  ahead  so  fast  as  the 
Southeastern  States,  in  agriculture,  horticulture, 
factory    building    and    general   progress.      The 
last  year's  record  along  the 

SOUTHERN    RAILWAY 
MOBILE  &  OHIO  RAILROAD 

of  investments  in  factories  and  improvements  was 
over  8100,000,000;  for  three  years,  S-30,000,000. 
Splendid  Opportunities  exist  in  Alabama,  Georgia, 
Kentucky,  M  ississippi.  North  Carolina,  South  Carolina, 
Tennessee  and  Virginia;  and  in  Southern  Illinois  and 
Southern  Indiana,  for  investments  of  all  kinds;  in  tim- 
ber, mjneral  and  other  lands.  Factory  Locations.— 
Where  all  conditions  are  favorable  for  making  and 
marketing  iron  and  steel  and  their  products,  all  kinds 
of  wood  using  articles  and  nearly  every  other  line 
of  industry.  ^  Publications  and  special  information 
furnished.  Our  department  is  a  Bureau  of  Free 
Information  for  all  seeking  locations  or  investments. 


M.  V.  RICHARDS,     : :    Land  and  Industrial  Agent 

Southern  Railway  and  Mobile  &  Ohio  Railroad 

Washington,  D.  C. 


Chas.  S.  Chase,  Agent. 

722  Chemical  Building, 
M.  A.  Hays,  Agent, 

225  Dearborn  Street, 


St.  Louis,  Mo. 
Chicago,  III. 


LITERATURE— (Concluded) 

both  of  a  trade  catalogue  and  an  histor- 
ical work  on  the  piano.  The  historical 
section  tells  of  the  origin  of  the  piano, 
and  illustrates  the  various  forms  through 
wiiich  it  has  been  evolved  ;  and  there  is 
also  a  description  of  all  the  different  p£..rts 
of  the  piano  and  the  different  materials 
used  in  its  manufacture.  Special  atten- 
tion is  given  to  the  Wing  piano,  of  which 
a  large  number  of  highest  endorsements 
are  printed ;  and  the  book  concludes  with 
a  collection  of  songs  with  music,  and  di- 
rections for  the  care  of  the  piano. 


Crane  Company,  Chicago,  111.  Advanced  Circular  No. 
01 ,  on  Steam  and  Oil  Separators.  Paper,  10  1-2  by 
13  1-2  inches.    Pages  26. 

The  Crane  Company  has  just  issued  an 
advanced  circular  describing  its  steam 
and  oil  separators  for  the  separation  of 
water  from  live  steam,  and  the  elimina- 
tion of  oil  from  exhaust  steam.  These 
are  made  in  sizes  from  i  to  30  inches, 
and  in  four  types  known  as  "horizontal," 
"vertical,"  "angle,"  and  "distributing." 
The  circular  is  handsomely  printed  on 
enamel  paper,  and  well  illustrated  with 
half-tone  engravings.  It  will  be  sent  to 
the  trade  upon  request. 


Washburn  Shops,  Worcester  Polytechnic  Insti- 
tute, Worcester,  Mass.  Catalogue  D.  Adjust- 
able Drawing-Stands.  Paper,  6  by  9  inches.  Pages 
12. 

This  catalogue  describes  and  illustrates 
several  lines  of  adjustable  drawing- 
stands  for  schools,  artists,  architects, 
draftsmen,  engineers,  etc.  These  draw- 
ing-stands are  adjustable  in  several  direc- 
tions, and  are  made  up  in  a  number  of 
different  styles.  The  catalogue  also  lists 
a  large  number  of  drawing  models 
which  are  made  in  the  Washburn  shops, 
for  the  use  of  students  in  freehand  draw- 


ing. 


Who's  Out? 

A  MAN  wanted  a  ticket  to  Olathe,  and.  only 
had  a  $2  bill.  It  required  $3  to  get  the  ticket. 
He  took  the  $2  bill  to  a  pawnshop,  pawned 
it  for  $1.50.  On  his  way  back  to  the  depot,  he 
met  a  friend,  to  whom  he  sold  the  pawn  ticket 
for  $1.50.  That  gave  him  $3.  Now,  who's  out 
that  AoW&r?— Kansas  City  Star. 


Mention  The  Technical  World. 


lUi  LKILS 


na3 


RINTING  in  better 
I  style  leads  to  better 
sales.  ^}W  can  se- 
cure original  styles 
at  reasonable  prices 
if  we  do  your  work. 
^zV^w  ideas  in  de- 
sign make  effective 
advertising.  i^Try  us 
on  your  next  order — 
send  it  to  the  printer 
who   '* knows   how." 


W.   P.   DUNN    CO. 

idj  Adams  Street^  Chicago 
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INDUSTRIES 

ARE 

OFF  E  R.  E  D 
LOCATIONS 


With  satisfactory  inducements, 
favorable  freight  rates,  good  labor 
conditions,  healthful  communities, 
on  the  lines  of 


THE  ILLINOIS  CENTRAL  RAILROAD 

AND   THE 

YAZOO  &  MISSISSIPPI  VALLEY  R.  R. 


For    full    information    and    descriptive 
pamphlet,  address 

J.  C.  CLAIR., 

Industrial  Comnnlssloner, 

1  Park  Row,         Chicago.  III. 


MAGNIFICENT 
WATER  POWER 


which  will  develop  ten  thousand 
horse-power  With  this  is  included 
200  acres  at  dam  site  and  300  acres 
at  power  site.  The  property  should 
be  developed  in  connection  with 
the  generation  of  electricity  for 
power,  as  we  have  application  from 
numerous  industries  for  site  when 
developments  are  assured.  There 
are  also  a  number  of  towns  within 
a  radius  of  thirty  miles  ready  to 
contract  for  both  light  and  power. 

PAPER  AND  PULP  MILL 

One  hundred  million  cords  of  pulp 
wood  are  tributary,  extending  up 
the  river  for  a  distance  of  thirty 
miles,  and  commanding  as  well  a 
territory  of  several  hundred  miles 
connected  by  rail.  For  engineer's 
report  and  detailed  data  address, 

J.  W.  WHITE.  General  Industrial  Agent 

Portsmouth,  Virginia. 
SEABOARD    AIR.    LINE     RAILWAY 


:^ 


EMPLOYMENT 
DEPARTMENT 


CO) 


^' 


M 


TTO  employers— The  Technical  World  oflfers  its 
services  in  bringing  employers  of  skilled  labor  into  com- 
munication with  trained  and  efficient  men.  Write  the 
Employment  Department  full  particulars  as  to  the  quali- 
fications necessary. 


SITUATIONS  VACANT 

Wanted — Several  draftsmen  and  detail  men 
for  Corliss  Engine  work.  Apply  to  Brown 
Corliss  Engine  Co.,  Corliss,  Wis. 

*^ 

Send  10  cents  for  the  July  issue  of  the  Engi- 
neering Jl'orld,  containing  list  of  150  vacancies 
for  technical  men,  now  open  with  the  Engineer- 
ing Agency,  Chicago.  Engineering  World, 
Monadnock  Block,  Chicago,  111. 

SITUATIONS  WANTED 

Wanted — Charge  of  a  small  power  plant  is 
wanted  by  an  American  School  student.  Four 
years'  experience  with  engines,  boilers,  and 
electrical  machines.  References.  Address  The 
Technical  World,  No.  3-19. 

Wanted — Position  as  Assistant  Engineer  or 
Oiler  in  some  power  or  light  plant  or  factor}' 
is  wanted  by  a  young  man.  Three  years'  prac- 
tical experience  in  lighting  and  power  plants. 
Address  Tlie  Technical  World,  No.  350. 

Wanted — A  student  of  the  American  School 
desires  a  position,  with  chance  for  advance- 
ment, in  a  repair  or  machine  shop.  Experi- 
enced in  blacksmithing,  knife  making,  gun  and 
bicycle  repairing.  References.  Address  The 
Technical  World,  No.  351. 

^* 

Wanted — Position  as  Instructor  in  mathe- 
matics and  science,  or  work  in  an  electrical 
plant,  is  wanted  by  a  young  man  desirous  of 
earning  enough  money  to  finish  his  college  edu- 
cation. Experienced  in  carpentry  and  the  mak- 
ing and  use  of  scientific  and  laboratorj'  in- 
struments. References.  Address  The  Tech- 
nical JJ^orld,  No.  352. 

^* 

Wanted  —  Position  as  Electrician  or  Elec- 
trician's Assistant  is  wanted  by  a  j-oung  man 
desirous  of  getting  a  good  working  knowledge 
in  electrical  lines.  Experienced  in  electric  wir- 
ing, all  kinds  of  gas  and  steam  engines  and 
telephone  work.  References.  Address  The 
Technical  World,  No.  353. 

Wanted — Position  to  run  an  Electric  Light 
Plant  is  wanted  by  a  man  with  eight  j^ears' 
practical  experience.  References.  Address 
The  Technical  World,  No.  354. 
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ADVERTISEMENTS 


60S 


^DENVER-aRIOGRANDE 
RAILROAD 

Has  more  scenic  attractions,  mountain  rr'-.nrt':. 
mineral   springs,    hunting   and  fist 
than  any  other  railroad  in  the  world. 

It    reaches    all   points  of    interest    in   Colorado 
and  Utah. 

It  is  the  only  line  passing  through  Salt  L 
City  en  route  to  and  from  California  and  Noiir. 
Pacific  Coast  points. 

It  is  the  most  attractive  lin-    ij  l.h   L,ewis  ami 
Clark  Exposition  at  Portland. 

It  has  the  highest  class  modern  eiiuipment  am! 
through  car  service. 


LOW  SUMMER  RATES  ARE  NOW  IN  EFFECT 

Send  _for  ^rtt     Illujtratrd     TiooKlttj. 


S.    K.    HOOPER.    G.    P.    and   T    A.. 


DESVKR.    COt.O. 


THE  ADVANTAGES    OF    ELECTRICITY    FOR    DRIVING 
A  -^^        MACHINERY,   FROM  THE  HEAVIEST,  DOWN 

VALUABLE^S,^  TO    THE    SMALLEST   HOUSEHOLD 

ADVERTISING 
MEDIUM  FOR 


IMPLEMENT,  IS  NOW  FULLY 


IT 
HAS 
READKKS 
IN  EVERY 


ALL  SUPPLIERS  OF 
ELECTRICAL  MACHINERY 


DEMONSTRATED 


CIVILIZED  COUNTRY 
OF  THE  WORLD 


ELECTRICAL  POWER 

A   MONTHLY   JOURNAL   TREATING   WITH   ITS 

GENERATION,  TRAriSMISSION,  and  USE   FOR  ALL   PURPOSES 


SUBSCRIPTION   PRICE, 
PAYABLE  IN  ADVANCE, 
$1.25  I  PER  ANNUM 
5s.  (  POST  FREE 

E V  ER Y- 
WHERE 


I'UHLlSlitD  MONTHLY  AT 
ifi  Fi  nnrr  ?;trfet. 


IT  GIVES 
ACTUAL    EX 
PERIENCES  OF  USERS  OF 
ELECTRICITY    FOR    POWER 
PURPOSES,    AND    IS     INDISPENSABLE 
TO    MANUFACTURERS    AND  OTHERS    WHO  CON- 
TEMPLATE   OR    WHO    ARE   USING    ELECTRICAL   POWER 


F^'r:r,AWD. 
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THE  CHICAGO  «S:  AL,TON 

runs  the  largest  passengeren^ines 

in  the  world 

They  keep  the  trains  on  time 

Between  Chicago, 
Si.  Louis, 
Kansas  City  and 
Peoria 

Geo.  J.  Charlton,  General  Passenger  Agent 

CHICAGO,  ILL. 


EMPLOYMENT  DEPARTMENT- iConcluded) 

\\'axted — Position  as  Instrument  man  or 
Rodman,  with  chance  for  advancement.  Ex- 
perienced in  railroad  construction  and  grade 
reduction.  Location,  Middle  West.  Address 
The  Technical  World,  No.  355. 


Wanted — A  man  with  five  years'  experience 
as  mechanical  draftsman  and  desigtier'of  jigs, 
tools,  and  fixtures,  and  nine  years'  machine- 
shop  experience,  wants  a  position  as  Assistant 
Superintendent  of  ?^Iachine  Shop.  References. 
Address  The  Technical  Jl'orld,  No.  356. 

Wanted — An  American  School  student  ex- 
perienced in  carpentry  and  painting,  wants  a 
position  as  Mechanical  Draftsman.  Address 
The  Technical  World,  No.  357. 

^* 

Wanted — Position  as  Draftsman  in  either 
an  Electrical  or  ^^lechanical  Company.  Ex- 
perienced in  tracing  and  detail  work.  Refer- 
ences. Address  Tlie  Technical  World,  No. 
358. 

^• 

Wanted — An  American  School  student  de- 
sires a  position  as  ^Machine  and  Tool  Designer 
and  Draftsman.  Experienced  in'  machinist 
and  tool  work.  References.  Address  The 
Technical  World,  No.  359. 

^* 

Wanted — A  graduate  of  the  American 
School  in  Mechanical  Drawing  wants  position 
as  ^Mechanical  Draftsman.  Experienced  in 
machine-shop  and  ofiice  work.  References. 
Address  The  Technical  World,  No.  360. 

Wanted — Position  as  Leveller,  Rodman, 
or  Chainman.  Experienced  as  first  assist- 
ant to  civil  engineer.  References.  Address 
The  Technical  World,  No.  361. 

^* 

Wanted — Position  as  Stationary  Engineer. 
Twelve  years'  experience  in  running  steam 
engines,  pump,  direct-current  dynamos  and 
motors.  First-class  engineer's  license.  Ref- 
erences. Address  The  Technical  World,  No. 
362. 

Wanted — A  graduate  of  the  American 
School  in  Electrical  Engineering  desires  a  po- 
sition where  practical  experience  can  be 
gained.  Address  The  Technical  World,  No. 
363. 

^• 

Wanted — A  student  in  the  Electrical  Course 
of  the  American  School  wants  to  get  employ- 
ment in  the  electrical  line.  References.  Ad- 
dress The  Technical  World,  No.  364- 


ENGRAVING 

Postal  brings  circulars.    J.  Kiola,  Engraver, 
155  W.  Aladison  St.,  Chicago,  111. 
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^Compendium  q/  Drawing^ 


New,  EnlarUcd  Edition 

A    COMPLETE     CYCLOPEDIA 


For  the  Library, the  Shop, the  Student 

Over  I..'i«i  P.»;;cs- 1, 200  Illustrations,  Foldinc  fUtcn,  Etc. 

si:  NT 


Size 
8  X  10 
inches 


FREE 


FOR    FXAMINAIION 

No  more  comprehensive  treatise  on  draw- 
infj  has  ever  been  published  than  this  new 
enlarged  edition  of  the  compendium.  $'25. «K) 
would  not  buy  separate  volumes  covering 
the  subjects.  The  chief  object  in  offi-ring  the 
books  at  a  reduced  price  is  to  show  the  char- 
acter of  our  instruction  in  drawing  and  to 
interest  the  public  in  the  work  of  our  school. 


JAS.  W.  HOLLOWELL,  Plainfield,  Ind.,  says:  "The  •Compendium  of  Drawing'  is 
the  most  complete  work  on  mechanical  drafting  I  have  ever  seen.  It  is  well  bound, 
printed  in  good,  clear  type  and  on  the  best  of  paper." 

SPECIAL      OFFER 

To  Readers  of  The  Technical  World 

Not   Good    After    July  3l9t 

BOTH  VOLUMES  sent  free  on  approval  (express  prepaid).     Keep  them  five  days. 
If  satisfactory  send  $1.00  and  $1.00   per   month  for   six   months  thereafter. 
Otherwise  notify  us  and  we  will  transfer  them  absolutely  free.     They  have  a 
permanent  utility  that  makes  them  a  desirable  acquisition  to  every  library. 


LIST  OF  AUTHORS  AND  SUBJECTS 


Sli.. 
l{on<l(Tinvr  lii  1 
I'.T-iiK-rtivi 


Prof.  H.  E.  Everett.  University  of  Pennsylvania    . 
PROK.  K.   Kenison,  .Massachusetts  Institute  of  Technology 
Prof.  H.  W.  Gardner, 
Prof.  I).  A.  Gregg. 

Prof.  W.  H.  Lawrence.       "  '"  '         • 

Frank  Chouteau  Brown.  Architect.  Boston         .        •      Ar. 
H.  V.  vo.N  HoLST,  Architect.  ChicaKO         .        .      Renderintf 

includintr  Water  Color  hirr 
Prof.  W.  H    James.  Mass.  Inst  of  Technoloijry       .  W  ■ 

Prof.  C.  L.  Griffin,  formerly  Pa.  State  Col ^ejre  .         M.. 

Wm.  Nelbecker.  N.  Y.  Trade  School.    .    Sheet  Metal  Patf.  r 

Tu 

■'  ••      .        .         Practical  Problems  in  Men.suraiioa 

AMERICAN    SCHOOL    OF 
CORRESPONDENCE 

CHICAGO,  ILL.,  U.  S.  A. 


rr.ili.m.l  Pr.iwiriK 


M 


>.y 


d 
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The    Greact     BURNHAM 


DIRECT  STEAM,    BELT  DRIVEN 

and 

ELECTRIC 

PUMPS 


WILL 

NOT 

SHORT 

STROKE 


I 


For    All   Ser-Vtces  h      send 

UNION    STEAM     PUMP    COMPANY  |  J^°^^^^ 

46   SovjtK   Madison    Street.       BATTLE  CREEK.   MICH..   V.  S.  A.  J  CATALOG 


LUNKENHEIMER 

OIL  CUPS 


Will  prolong  the  life  of  bearings 
and  prevent  them  from  get- 
ting hot.  fl  Strong,  practical 
and  durable.  ^  Will  feed  oil 
at  the  same  rate  until  cup  is 
empty.  %  Will  not  shake  to 
pieces  when  placed  on  jar- 
ring machinery.  ([  Made  in 
great  variety. 

If  your   local    dealer   cannot 
furnish    them,    notify    us 


LUNKENHEIMER 


CO. 


Largest  Manufacturers  of  Engineering  Specialties 
in  the  World. 

CINCINNATI,  OHIO,  U.S.A. 


Main  Offices  and  Works 

"Branchej 

NEW  YORK:  26  Corlland  St 


LONDON':  35  Great  DoTer  St. 


We  also  manufacture  a  complete  line  of  Brass  and  Iron  ValTes, 
tubricators,  WliUtles,  Oil  and  Grease  Cups,  €ocl£s,  Etc. 


Jessop  Steel  Company 

Washington,   Pennsylvania 

MANUFACTURERS     OF 

Crucible  Sheet  Steel 

of  superior  quality,  for  Circular  Saw  Plates, 
Cross-cut,  and  all  long  Saws,  Billet  Web, 
and  all  short  Saws;  also  Rollers  of  Dead 
Soft  and  Three-Pass  Cold-Rolled  Sheets. 


Correspondence       Sotici1«d 


Y  COAL  AND  ASH   HANDLING 

Machinery 

Insures  the  Reduction  of  Labor  and 
in  Consequence  Increases  Profits 

Centrally  hung  Bucket  Conveyor,  Traveling 

Chute  for  Feeding  Stokers  are  features  of 

this  Power-House  Equipment.    Estimates 

and  Catalogues  Free. 

The  Jeffrey  Mfg.  Company 

Columbus,  Ohio,  U.  S.  A. 


The  World'j  Headquarters  for 

Electric  Novelties  and  Supplies 

If  It's  Electric  We  Have  It.    We  undersell  All. 

Fan  Motors 82-00  to  $15.()0 

Battery  Table  Lamp 3.00 

Battery  Hanging  Lamp 10.00 

Telephone,  complete 2.50,    6.95 

Electric  Door  Bells 1-00 

Electric  Carriage  Lamps 500 

Electric  Lanterns 2.00,    3.00 

88.00  Medical  Batteries 3.95 

812.00  Belt  with  Suspensory 2.50 

Telegraph  Outfits 200 

Battery  Motors 75c  to  12.00 

Battery  Fan  Motor 6.50 

Bicycle  Electric  Lights 3.50 

Electric  Railway 3.25 

rocket  Flash  Lights l.OOto    2.50 

Necktie  Lights 90e,  1.00,    1.25 

Dynamos 82.00  to  900.00 

OHIO  ELECTRIC  WORKS,  Cleveland,  0. 

Agents  Wanted.    Send  for  New  Catalogue  Just  Out. 
Our  Battery  Fan  Motors  are  most  economical. 
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/JohnriacKfntosli 
the  Toffee  Kine 


MaLckintosh's   Toffee 

is  Bl  pure  and  delicious 

Old  English  CaLi\dy 

The  enormous  sales  of  it  in  this  country  and  in  England 

(the  home  of  Mackintosh's  Toftee)  have  made  it  a  great 

international   Candy.     It  is  as  pure  as    the    crystal 

spring,  and  has  a  peculiar  flavor  that  makes  it  Moreish 

—the  more  you  eat  of  it,  the  more  you  want  of  it. 

ink  Tour  duller  to  tnpplf  It;  he  can  If  he  will;  If  not, 

send  nie  lOo.  in  stamps  for  a  sample  paekayre.  or 

tl.60  for  a  four-|>ound  family  tin.    Trj-  juur  dealer  first. 

De|>f.  192 
7S  Hadson  St.,  .\ew  Vort 


JOHN  MACKINTOSH, 


TOOLS 


No  matter  what  your  trade  may  be — 
if  is  a  trade  that  uses  tools  of  any 
kind — we  can  supply  your  needs,  just 
as  we  are  supplying  thousands  of 
men  who  are  earning  their  living  with 
the  tools  we  have  sold  them. 

LOOK  AT  THESE  BARGAIKS : 

Drawing  Instruments  $  1  .90  a  set  and  up. 
Yankee  Spiral  D.  A.  Screw  Driver  $1 .50. 
Goodell  Automatic  Drill,  with  8  points,  85C. 
Combination  Plyer  60C.  Prices  include 
delivery  anywhere. 

These  are  shown  in  our  Red  Book  No.  73 
sent  free  and  our  J,50  page  Tool  Catalog  No.  73 
sent  anywhere  on  receipt  of  20  cents  to  help 
pay  expressage. 

flRR  &  LOCKETT 

V  HARDWARE  COMPANY  ■ 

71-73  Randolph  Street,       CHICAGO 


THE  COST 


IS    THE 
FACT 


IMPORTANT 
TO     KNOW 


Actual  size  of     f„^-^^ 
Impression.        SfeS' 


PERRY  TIME 
STAMP   CO. 

H  W.  Madison  St. 
CHICAGO 


^The  selling  price  can 
easily  be  determined  and 
you  can  figure  cxactiy  what 
your  PROFIT  will  be  on 
similar  jobs  in  future. 
Isn't  this  true?  ^ The  use 
of  the  Perry  Time  Stamp 
in  recording  the  t-jcact  time 
of  commencing  and  com- 
pleting each  operation  en- 
ables you  to  arrive  at  these 
facts  with  minimum  effort. 
^The  only  portable, 
automatic  self-inking  Time 
Stamp  made,  fl  Ask  for  par- 
ticulars concerning  WORK- 
ING DAY  DIALS.  ^They 
eliminateQU'.c  of  thefiguring. 

Write  for   FREE   Booklet. 

The    "Buji'nejj  Man's 

Time   Sa-Ver. 


FEB  191905 


HAVE   YOU  WORN  THEIVI? 

I«ot  celluloid"  — not"  "paper  collars,"  but  made  of 
fine  cloth,  exactly  rf-semble  fashionable  linen  goods, 
and  cost  of  dealers,  for  box  of  ten,  25c.  (2'/"  cts.  each). 

NO    WASH  INC    OR     IRONING 

When  soiled,  discard.     By  mail,  10  collars  or  5 
pairs  of  cuffs,  for  30c.     Sample  collar  or  pair  of 
cuffs  for  6c.  In  U.  S.  stamps.    Give  size  and  style. 
REVERSIBLE  COLLAR  CO..  Dept.  W..  BOSTON,  MASS. 


vose 


PIANOS 


have    been    established    over    50    YEARS.     Bv   our 
VOSE  OL  SONS  PIANO  CO..  160  Boybton  St..  Boston.  M„s. 


WFDunnCbl 

PRIKTER5 


